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SECTION I 
INTRODUCTION 

1.1 PURPOSE 

This Manual provides the technical information necessary to install, operate ana maintair. 
the SUPER SIX singleboard computer by Advanced Digital Corporation. 

1.2 EQUIPMENT OVERVIEW 

SUPER SIX, produced by Advanced Digital Corporation, is the iirst single board computer 
for the S-100 bus running at 6MHz. Without the S-100 bus the SUPER SIX can also run as 
a standalone computer executing a single user CP/M 2.2 or 3.0, or a multiuser MP/M, 
OASIS, or TurboDOS operating system. SUPER SIX runs substantially faster than any 
other S-100 single board computer avialable in the market. 

The SUPER SIX contains the following set of capabilities: 

1. Z80B CPU operating at 6MHZ 

2. 128K of dynamic bank select RAM arranged in 1 6k banks 

3. Floppy Disk Controller which supports the 8-inch and 5.25-inch disk 
drives simultaniously 

4. 2/4 K of shadow EPROM (Monitor) 

5. 2 serial I/O (RS-232) ports offering software or hardware selectable 
baud rate, Z80B DART 

6. 2 parallel ports (Z80B PIO) 

7. Real time clock (Z80B CTC) 

8. DMA controller (Z80 DMA) 

9. Extended addressing: A 16-A23 

10. Single 5 volt supply on board 

11. One-year warranty 

12. Free copy of CP/M 2.2 BIOS supplied. 

* NOTE: Items 5 and 6 require external adaptation for 
RS-232 and Centronics. The adapter boards contain a 
DB-25 connector on a 2-inch by 2-inch board attached to 
the back panel of the S-100 system (MODEM and RS 422 
Paddle cards are also available). 
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This document is organized into "> soot ions jnd 14 appendices. 

Section I serves as an introduction to the entire document, stating the purpose of the 
document and providing an introduction to the SUPER SIX single board computer. This 
section also provides a list of acronyms used in the document and provides a statement on 
the responsibilities of document maintenance. 

Section II provides a description of the operations of all components associated with the 
SUPER SIX single board computer. 

Section III lists all SUPER SIX input/output ports and defines the assignments and 
functions of each port. 

Section IV lists and defines all SUPER SIX jumper connections. This section includes the 
jumper assignments for factory (OEM) installed jumpers. 

Section V describes the external connector pins for SUPER SIX connectors 31 through 35. 

The appendices provide supplemental material to the body of the text and are referenced 
in the text at the associated points. 
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LIST OF ACRONYMS 



Table \-[ provides a listing and description of the acronyms used within this text. 



ACRONYM 


DESCRIPTION 


CPU 


Central Processor Unit 


CTC 


Controller/Timer Circuit 


DART 


Dual Asynchronous Receiver/Transmitter 


DMA 


Direct Memory Access 


EPROM 


Electrically Erasable Programmable Read-Only Memory 


FDC 


Floppy Disk Controller 


IEEE 


Institute of Electrical and Electronic Engineers 


MP/M 


Multiuser Program For Microcomputers 


OEM 


Original Equipment Manufacturer 


PIO 


Parallel Input/Output 


PROM 


Programmable Read-Only Memory 



Table l-\. List of Acronyms 
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Table 1-1. List of Acronyms (Continued) 



ACRONYM 


DESCRIPTION 






RAM 


Random Access Memory 






SIO 


Serial Input/Output 






TTL 


Transistor-transistor Logic 






TurboDOS 


A Multiuser Networking Operating System used as software 
SUPER SIX 


with the 



1.5 DOCUMENT MAINTENANCE 

This document is the property of Advanced Digital Corporation, who is responsible for its 
content. Any modifications made to this manual must be made with the express written 
approval of Advanced Digital Corporation. 

1.6 THEORY OF OPERATION - START-UP PROCEDURE 

The SUPER SIX Single board computer is shipped configured for 19. baud rate. The 
installation procedure is as follows: 

1. Plug the PSNET/I to connector 35, Use caution; pin I is marked. 

2. Connect the CRT. Pins 2, 3, 5, 7, and 20 must be used; no parity 
must be specified, 

3. Apply power to the system. The monitor message shown in 
subsection 2.9.2 appears. Check the CRT baud rate; if 9600 baud is 
required, unplug jumper area 37, pin 7-8. 

4. Install the floppy disk cable, load the CP/M diskette, and bootstrap 
the system. 

Note: CP/M is shipped configured for 64K bytes of 
memory. The parallel port is configured as the default 
printer. 1024 bytes per sector read/writes are also 
supported (or DMA). The plus 8V and the plus/minus 16V 
on the S-100 bus must be verified prior to installing the 
SUPER SIX board. 
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SECTION II 
OPERATION 

This section describes the operation oi all SUPER SIX components. 

2.1 FLOPPY DISK CONTROLLER 

The floppy disk controller can access up to four 8-inch or four 5.23-inch disk drives or any 
combination of the two. The controller can read and write IBM 3740 single density format 
and double density 1024 sector-size formats. Data transfer is performed via Direct 
Memory Access (DMA). Due to the simultanious operation capability of the SUPER SIX 
the format compatibility problems with 5.25-inch disks have been eliminated. The floppy 
disk controller used is the WD27i>3. The WD2793 has on-chip PLL data separators and 
on-chip write pre-compensation logic. Adjustments for PLL are factory set anu write 
pre-compensation has been provided with the SUPER SIX. 50 Pin and 34 pin connectors 
are available for 8-inch and 5.25-inch disk drives respectively. 

NOTE: Customer adjustment of trim pots 
may result in cancellation of warranty. 

2.2 THE 128K DYNAMIC RAM 

The 128K RAM array can be switched ON and OFF in 16K increments, (0-1 6K, 16K-32K, 
32K-48K, 48K-64K for both banks) under software control. This feature allows the CPU 
to access bank switchable external memory on the S-100 bus. The memory has an access 
time of 150ns. A Refresh operation is performed during Z80 Ml cycles and during WAIT 
and RESET states. The memory can be accessed by floppy disk via DMA, serial and 
parallel I/O, or another DMA device on the S-100 bus. 

*NOTE: Any external DMA device that is 
using continous mode DMA cycles must 
transfer data at an average rate of 15ms per 
byte or faster when holding the DMA request 
line for more than 1.5ms. The RAM row 
address is the low order address; therefore 
the entire RAM array is refreshed by DMA 
device every 128 contiguous memory cycles. 

Under CPM 2.2 or CPM 3.0 the additional 64K can be used as a disk buffer. The SUPER 
SIX is ideal when operating in the bank mode under CP/M 3.0, as 128K RAM is required. 
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2.3 SYSTEM MONITOR EPROM 

The system monitor EPROM is switched ON during reset. It <.un be disabled ana enabled 
under software control. When enabled, the system monitor resides at locations 
F800-FFFF (hex) (refer to subsection 2.9.1. 2) when using 2716 lPROM or at locations 
F000-FFFF (hex) when using the 2732 EPROM. lhe system monitor LPKOM contains the 
cold-start loader for CP/M, MP/M and TurboDOS. In adaition it can be used to perform 
LOAD, I/O READ and I/O WRITE operations. When the EPROM is disabled no system 
address space is used. 

2A SERIAL PORTS 

A 6MHz Z80B DART is used for the two serial I/O ports; a Z80B S10 or Z80A DART can 
be used in it's place (if a 4MHz Z80A DART is used the CPU and all other devices must 
also be 4MHz). This allows asynchronous serial data communication plus a variety of 
interrupt modes. Modem control signals are available at each serial connector. There are 
software selectable baud rates as well as hardware selectable baud rates (mini-jumpers 
37). 

*NOTE: The serial ports are TTL ana must 
be connected to PSNET/1 (serial adapter 
interface) for RS-232 communications. The 
34 connector is for the CRT; the 35 
connector is for the serial printer or CRT. 

2.5 PARALLEL PORTS 

A 6MHz Z80B PIO is used as the parallel port. The "A" channel of this chip is used to 
connect the parallel port connector (32) to PIO. This port has an 8-bit bi-directional data 
line and two hand-shake lines. The "B" port can be split between the parallel port 
connector and the S-100 bus vectored interrupts lines by jumper options. This allows the 
port to be used as an additional parallel port, an interrupt controller, or both of the 
above. In the output mode the parallel ports can drive one TTL load. 

2.6 REAL TIME INTERRUPT CLOCK 

A 6MHz Z80B CTC is used for providing a real time system clock for MP/M or TurboDOS 
operating systems. Three channels of the CTC are available to the user for jumpering to 
synchronous baud rates or long clock times. 

2.7 S-100 BUS INTERFACE 

The S-100 bus interface provides the signals necessary for an 8-bit bus master as 
described by the 1EEE-696 bus specification. Vectored interrupt lines V10-VI7 are 
supported via jumper options (refer to section IV) and A16-A23 are also supported via an 
I/O port. The Phantom line is also implemented for the dynamic RAM array. 

The SUPER SIX interface with the S-100 bus is depicted in Figure 2-1. 

TurboDOS is the registered trademark of Software 2000, Inc. 

CP/M and MP/M are the registered trademarks of Digital Research, Inc. 
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Figure l-\. SUPER SIX Interface to the S-IOO Bus 
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BAUD RATE JUMPER 



Upon SUPER SIX initialization, the baud rate for the two serial channels can be 
hardware-selected independently by means of the baud rate jumper (37). This 7-pole 
jumper is located between U70 and U68 and is divided into two sets of jumpers containing 
four and three pins for SIO channels A and B, respectively. Pins 7, 6, 5, and 4 set the baud 
rate for SIO channel A and are designated as A, B, C, and D, respectively; pins 3, 2, and 1 
set the baud rate for SIO channel B and are designated as A, B, and C, respectively. 
Because this jumper comprises of only seven pin sets, SIO channel B has a hardware 
limitation of 1200 baud; by means of port 18 the software may be set to allow up to 19.2K 
baud for channel B. The baud rate settings, as determined by this jumper, are shown in 
Table 2-1, below. Once the SUPER SIX is initialized, I/O port 18 is used to modify the 
baud rate. Port 18 is described in subsection 3.2.21. 



BIT 


BIT 


BIT 


BIT 


BAUD 


D 


C 


B 


A 


RATE 














50 











1 


75 








1 





110 








1 


1 


134.5 





1 








150 





1 





I 


300 





1 


1 





600 





1 


1 


1 


1200 













1800 










1 


2000 







1 





2400 







1 


1 


3600 




1 








4800 




1 





1 


7200 




1 


1 





9600 




1 


1 


1 


19,200 



2.9 



Table 2-1. SUPER SIX Baud Rate Jumper Settings 
EPROM AND MONITOR OPERATION 



The on-board EPROM occupies addresses F000-FFFF (hex). This EPROM is switched ON 
automatically during RESET or POWER-ON. It contains the serial input/output (SIO) and 
floppy disk controller (FDC) initialization code along with a simple debugger and floppy 
disk cold-start loader. After the operating system is loaded the EPROM can be turned 
OFF to allow access to the RAM at address F000H-FFFFH. The EPROM can be enabled 
or disabled at any time to permit the calling of hardware dependant I/O routines. 

2.9.1 EPROM Enable/Disable 

A listing of the program required to enable and disable the EPROM is provided below 
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BAUD RATE JUMPERS 

ADVANCED DIGITAL CORPORATION SUPER SIX SUPPLEMENT 

Update for Page 7 

With the Super Six component side facing you and the S-100 connector down there 
are 7 jumpters between U68 and U70 aligned vertically. There are assigned as 
follows: 



console -SIO CH. A= 



-SIO CH. B= 




IIII 


bit 


A 


nil 


bit 


B 


mi 


bit 


C 


.iiii 


bit 


D 


'mi 


bit 


A 


iiii 


bit 


B 


iiii 


bit 


C 



JUMPER INSTALLED = 1 
JUMPER OFF = 



Bit D for SIO CH. B is not available as a jumper and must be set in software. 
Bit 7 of this input port (port 15) is instead used to sense double sided drives. 
Some software reads this bit and sends it to the SIO CH. B baud rate anyway. If 
you have double sided drives, this will make the bit a thru creating baud rates 
from 50 to 1200. If you have single sided drives, this will make the bit a 1 
and create baud rates from 1800 to 19. 2K. If you experience a problem with this 
you can make a file under cpm to correctly assign the baud rate to SIO CH. B 
(used for serial printer and/or modem) as follows: 



ani 7f (for 50 to 1200 baud, for 1800 to 
19.2k type ori 80) 



A>ddt 






-alOO 






0100 




in 15 


0102 




ani 7f 


0104 




out 18 


0106 




jmp 


0109 




<CR> 


-go 






A>save 


1 setbaud.com 


A>setbaud 





COMMON BAUD RATE SETTINGS 



Console = 


19 


.2k 


Console = 


19, 


.2k 


Console = 


9600 


Console 


SIO CH. B 


= 


300 


SIO 


CH. B 


= 1200 








(ON ) 








(ON ) 






(off) 




(ON ) 


(ON ) 








(ON .) 






(ON ) 




(ON ) 


(ON ) 








(ON ) 






(ON ) 




(ON ) 


(ON ) 








(ON ) 






(ON ) 




(off) 


(ON ) 








(ON ) 












(off) 








(ON ) 












(ON ) 








(ON ) 













= 12 



7A 



2.9.1.1 Enabling the EPROM: 

F0333E4F MVI A,0100111IB . ;RESET POWER ON JUMP AND 

ENABLE MEMORY, EPROM ON 
F035D316 OUT 16H ;WRITE TO CONTROL PORT 

2.9.1.2 Disabling the EPROM: 

F033 3E4F MVI A,0I101111B ;RESET POWER ON JUMP AND 

ENABLE MEMORY, EPROM OFF 
F035 D316 OUT 16H ;W RITE TO CONTROL PORT 

Jumper R2.5 configures the board to accept a 2716 or 2732 EPROM (as described in 
section IV). 

NOTE: The EPROM is always adoressed at 
location F800 (hex) and can not be moved. 
Since the 2716 EPROM is 2K long it appears 
twice, at location F800-FC00 (hex) and at 
location FBFF-FFFF (hex). 

2.9.2 Monitor Sign-on 

The monitor signs-on with the following messages: 

ADVANCED DIGITAL CORP. 
Monitor Version 3.6 
April- 1983 
Press "H" for help 

2.9.3 Monitor Commands 

The monitor commands are shown in table 2-2. 
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COMMAND 


FUNCTION 


B 

D ssss qqqq 

F ssss qqqq bb 

G AAAA 

Ipp 

L aaaa 

M ssss qqqq dddd 

Oppdd 
ESC 


Loads the disk-boot loader 

Dumps memory in hex starting at user-specified address 
ssss and ending at user-speciiied address qqqq 

Fills memory from user-specified address ssss to 
user-specified address qqqq with bb 

Goes to address AAAA 

Input to user-specified port pp 

Loads memory starting at user-specified address aaaa 

Moves the contents of user-specified starting address 
ssss through user-specified ending address qqqq to the 
user-specifiea starting address of dddd 

Output user-specified data dd to port pp 

Terminates any command [ 



Table 2-2. Monitor Commands For the SUPER SIX 

The cold-start loader will select and home drive 0. Track sector 1 will be read into 
memory at location 0. Single density is assumed for track 0. If an error occures an error 
code will be printed. The error code must be translated using the table in appendex G. 
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2.9.4 Cold Start Program 

The cold start program is listed below. 









;READ TRACK SECTION 1 INTO 








MEMORY 






BOOT 5 


: 




MVI 


A,018H 






OUT 


WAIT 

BOOT: 


;set double for 5 inch 


F4B5 3E0D 


MVI 


A,0DH 


;RESET FDC 


F4B7 D30C 


OUT 


FDC 


;ISSUE COMMAND 


F4B9 00 


NOP 










FDCW1: 




F4BA DBOC 


IN 


FDC 


jCHECK BUSY 


F4BC OF 


RRC 






F4BD DABAF4 


JC 


FDCW1 




F4C0 00 


NOP 




;KILL TIME 


F4C1 00 


NOP 






F4C2 00 


NOP 






F4C3 00 


NOP 






F4C4 3E03 


MVI 


A,3 


;GET A RESTORE 


F4C6 D30C 


OUT 


FDC 


jlSSUE, COMMAND 


F4C8 00 


NOP 






F4C9 DB14 


IN 


WAIT 


;WAIT a FOR 


F4CB 00 


NOP 


TKO: 


;INTRQ 


F4CC DBOC 


IN 


FDC 




F4CE E604 


ANI 


4 


;CHECK TRACK 


F4D0 CACCF4 


JZ 


TKO 




F4D3 AF 


XRA 


A 




F4D4 6F 


MOV 


L,A 


;POINT AT LOC 


F4D5 67 


MOV 


H,A 




F4D6 3C 


INR 


A 




F4D7 D30E 


OUT 


FDCSEC 


jSETSECTOR 


F4D9 3E8C 


MVI 


A,08CH 


;GET READ COMMAND 


F4DB D30C 


OUT 


FDC 


,-ISSUE COMMAND 


F4DD 00 


NOP 




■*" 






FDCRD 


: 


F4DEDB14 


IN 


WAIT 


;WA1T FOR INTRQ 


F4E0 B7 


OR A 


A 


jOtUDRO 


F4E1 F2E6F4 


OP 


BOOTDN 


;EXlf IF INTRQ 


F4E4 DB0F 


IN 


FDCDATA 


f;GET DATA 


F4E6 77 


MOV 


M,A 


jSTORE 


F4E7 23 


1NX 


H 


;POJNT NEXT 


F4E8 C3DEF4 


JMP 


FDCRD 





-TO- 







BOOTDN: 


F4EB DBOC 


IN 


FDC 


;CHECK STATUS 


F4ED B7 


OR A 


A 


;0 = NO ERROR 


F4EE CAOOOO 


JZ 





,OK, GO 


F4F1 F5 


PUSH 


PSW 


;SAVE ERROR 


F4F2 210FF6 


LXI 


H,BTERR 


;PRINT 


F4F5 CDE6F0 


CALL 


MSG 


;DISK ERROR 


F4F8 Fl 


POP 


PSW 


;GET ERROR 


F4F9 CD21F1 


CALL 


THXB 


;PRINT IT 


\0 


RAM ORGANIZATION 





The SUPER SIX I28K RAM is configured as shown in Figure 2-2. 



U55 


U46 


U47 


U57 


UA8 


U56 


U58 


U49 


U50 


U60 


U51 


U59 


U61 


U52 


U53 


U63 


U54 


U62 



Figure 2-2. SUPER SIX RAM Configuration 

The first 64K bank of RAM comprises of U46, U47, U48, U49, U51, U52, U34, U53, and 
U50; U46 is the parity chip. 
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Z80A DMA FEATURES 



The Z80A DMA performs transfers, searches and search/transfers on a full-byte basis in 
burst or continuous modes. The cycle length and edge timing can be programmed to 
match the speed of any port. A bit maskable byte search can be performed either 
concurrently with transfers or as an operation itself. 
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PS NET/1 OPERATIO N 



This paddle card converts TTL to RS232 levels. Pin 6 of the 14 pin connector on the card 
represents TXD; pin 7 is RTS*; pin 8 is DTR*; pin 5 is CTS*; 1 is DCD* (normally GND); 3 
is RNG* optional; 2 is DSR*,* 4 is RXD. Only pins 3, 5, 20, 2, and 1 are required for most 
printers or CRT's. Printers employing the BUSY line must be tied to pin 20 of the DB-25 
connector on PS NET/1. A PS NET/1 schematic is provided in Appendix L. 
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2.13 PSNET/PAR 

This paddle card connects the SUPER SIX parallel I/O to a Centronics printer or any other 
device that requires buffered signals. Note that a DB-25 connector is used to simplify the 
connection for the back panel of the S-100 system. Thirteen wires are required between 
the DB-25 and the printer. A PSNET/PAR schematic is provided in Appendix M. 

2.14 SYNCHRONOUS OPERATIONS 

If synchronous operation is required, the CTC channels (all four) are unused; the jumper 
option on H and T can be used to bring external clock into the SIO. The 14 pin connectors 
(34 and 35), pins 1 and 1 1, are not used and can be employed for RNG. SIO pins 13 and 14 
are connected on the SUPER SIX board and must be cut for synchronous operation. 

2.15 POWER CONSUMPTION 

+8V 2.8 Amp typical 

+/-16V 250 ma 
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SECTION III 
INPUT/OUTPUT PORTS 

3.1 INPUT/OUTPUT PORT ASSIGNMENTS 

Input/Output port assignments are shown in Table 3-1: 



ADDRESS 



FUNCTION 



00 Read/Write 

01 Read/ Write 

02 Read/Write 

03 Read/Write 

04 Read/Write 

05 Write 

06 Read/ Write 

07 Write 

08 Read/Write 

09 Read/Write 
0A Read/ Write 
0B Read/ Write 
0C Read/ Write 
0D Read/Write 
0E Read/Write 
OF Read/Write 

10 Read/Write 

1 1 Read/ Write 

12 Read/ Write 

13 Read/Write 

14 Read/ Write 

15 Write 
15 Read 



16 
17 
18 
19 
1A 
IB 



Write 
Write 
Write 
Write 
Write 
Write 



SIO channel A Data port 

SIO channel A status/control port 

SIO channel B Data port 

SIO channel B status/control port 

PIO channel A Data port 

PIO channel B Data port 

PIO channel A control port 

PIO channel B control port 

CTC channel control port 

CTC channel I control port 

CTC channel 2 control port 

CTC channel 3 control port 

FDC command/status port 

FDC Track register 

FDC sector register 

FDC data port 

DMA control port 

Same as port 10 

Same as port 10 

Same as port 10 

FDC synchronization/Drive/Density 

S-100 bus extended address A16-A23 

On-board Baud Rate jumpers 

On-board memory control port //0 

On-board memory control port //I 

Set Baud Rate 

Same as port 18 

Same as port 18 

Same as port 18 



Table 3-1. I/O Port Assignments for the SUPER SIX Board 

Note: All Address in table 3-1 are listed in Hex. 
The unused input/output ports are internally 
decoded and should not be used by external S-100 
I/O boards. 

The individual ports are described in detail in the following subsection. 
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3.2 I/O PORT DESCRIPTIONS 

This subsection discribes the function of ail SUPfcR SIX I/O ports. 

3.2.1 Port 00 

This read/write port acts as the serial input/output channal A data port and is described in 
detail in Appendix A. 

3.2.2 Port 01 

This read/write port acts as the serial input/output channel A status/control port and is 
discribed in Appendix A. 

3.2.3 Port 02 

This read/write port acts as the serial input/output channel B data port and is discribed in 
detail in Appendix A. 

3.2.4 Port 03 

This read/write port acts as the serial input/output channel B status/control port and is 
described in detail in Appendix A. 

3.2.5 Port 04 

This read/write port acts as the parallel input/output channel A data port and is discribed 
in detail in Appendix B. 

3.2.6 Port 05 

This write-only port acts as the parallel input/output channel B data port and is 
described in detail in Appendix B. This port can be jumpered to the S-100 vectored 
intercept lines onto connector 32 (refer to Section IV). 

3.2.7 Port 06 

This read/write port acts as the parallel input/output channel A control . is discribed 
in detail in Appendix B. 

3.2.8 Port 07 

This write-only port acts as the parallel input/output channel B control port and is 
described in detail in Appendix B. This port can be jumpered to the S-100 vectored 
interrupt lines onto connector 32 (refer to Section IV). 

3.2.9 Port 08 

This read/write port acts as the counter/timer circuit channel zero control port and is 
discribed in detail in Appendix C. 
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3.2.10 Port 09 

This read/write port acts as the counter/timer circuit channel 1 control port and is 
discribed in detail in Appendix C. 

3.2.11 Port 0A 

This read/write port acts as the counter/timer circuit channel 2 control port and is 
discribed in detail in Appendix C. 

3.2.12 Port OB 

This read/write port acts as the counter/timer circuit channel 3 control port and is 
described in detail in Appendix C. 

3.2.13 Port 0C 

This read/write port acts as the floppy disk control command and status port and is 
described in detail in Appendix F. 

3.2.14 Port 0D 

This read/write port acts as the floppy disk control track register port and is discribed in 
detail in Appendix F. 

3.2.15 Port 0E 

This read/write port acts as the floppy disk control sector register port and is discribed in 
detail in Appendix F. 

3.2.16 Port OF 

This read/write port acts as the floppy disk control data port and is described in detail in 
Appendix F. 

3.2.17 Ports 10-13 

These ports act as direct memory access (DMA) control ports. The Z80A DMA controller 
requires only one control/status port; ports 11, 12, and 13 (hex) are therefore identical to 
port 10 (hex). The floppy disk controller (FDC) data request line is tied to the Z80 DMA 
ready input and is active when the signal is high. The DMA controller can move data to 
and from the FDC and memory, any I/O channel and memory, or memory and memory, on 
or off the board. 

*NOTE: All DMA other than FDC must be 
started by ready = low (e.g., FDC DRQ = low) 
and sycronized using the S-100 wait line, pin 
72. The DMA interrupt output is connected 
to interrupt jumper 36. INT from the DMA is 
active when low. 
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3.2.18 



Port \U 



This read/write port acts as the floppy disk controller synchronization, drive 
identification, and density port. - 



3.2.18.1 



Port 14, Write Operation 



The two low-order bits (DO and Dl) specily the disk drive (see table below). Bit D2 
selects the disk head. Bit D3 specifies the disk density, where zero (0) specifies single 
density and 1 specifies double density. Bit DU specifies the disk drive size, where zero (0) 
specifies 8-inch disk and 1 specifies 5.25-inch disk. 



The bit significance is shown below. 



D7 



D6 



D5 



D4 



D3 



D2 



Dl 



DO 



D7 = MSB; DO = LSB 



\ ► 



Disk drive select (see table below) 
•►Disk drive select (see table below) 
►Head select (0=head 1; l=head 2) 
■►Disk Density (0=single; l=double) 
"►Size select (0=8 inch; 1=5.25 inch) 
"►Not read 
"►Not read 
-►Not read 



The two low-order bits (DO and Dl) specify the selected disk drive, where: 

Dl DO RESULT 









Disk Drive selected 





1 


Disk Drive 1 selected 


1 





Disk Drive 2 selected 


1 


1 


Disk Drive 3 selected 



Two connectors are provided on the SUPER SIX for the floppy disk: 31 and 33. 31 drives 
the 5.25-inch floppy disk; pin 1 is clearly marked to this effect. 33 drives the 8 inch disk. 
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3.2.19, Port 15 

3.2.19.1 Port 15, Read Operation 

This port reads the on-board baud rate. The bit significance is shown below. 

D7 = MSB; DO = LSB 



D7 



D6 



D5 



D4 



D3 



D2 



Dl 



DO 



c 



Switch 1.0 = closed; 
+- Switch 2. = closed; 
». Switch 3. = closed; 



-+> Switch 4. = closed; 
m^ Switch 5. 0" = closed; 
-*- Switch 6. = closed; 
-»- Switch 7. = closed; 



= open 
= open 
= open 
= open 
= open 
= open 
= open 



-► Double sided disk drive status. 
= double sidee diskette 



Note: dumper 37 specifies the hardware setting for the 
baud rate. Port 15 reads jumper 37 to determine the 
hardware specified rate. 

3.2.19.2 Port 15, Write Operation 

This port controls the S-100 extended address lines. The bit significance is shown below: 

D7 = MSB; DO = LSB 



D7 



D6 



D5 



Df 



D3 



D2 



Dl 



DO 



c 



A16 
^A17 
-*-A18 
-►A19 
-►A20 
-►A21 
-►A22 
-»-A23 



3.2.20 



Ports 16 and 17 



These write-only ports act as the on-board memory control ports zero (0) and 1 
respectively. These ports control the on-board memory management circuit, PROM 
enable and disable circuit, power-on jump reset circuit, and the parity check enable. Port 
zero (0) controls the first 64K bytes of memory; port 1 controls the second 64K of memory. 
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3.2.20.1 



Port 16, Write Operation 



The four low-order bits (DO, Dl, D2, and D3) switch the on-board memory ON and OFF in 
16K banks. Relative addresses ol these banks are as shown below, (in hex;. 



BANK 


FROM 


TO 


DO 
Dl 
D2 
D3 


0000 
WOO 
8000 
COOO 


3FFF 
7FFF 
BFFF 
FFFF 



Bit 5 of this port switches the on-board EPROM ON and OFF. This EPROM occupies 
addresses F000 through FFFF (Hex). After the operating system is loaded the EPROM can 
be set to OFF to enable accessing of the RAM addresses F000 through FFFF (hex); it is 
switched to ON Automatically during reset or power-on. This EPROM contains the SIO 
and FDC initialization code, a simple debugger, and the floppy disk cold-start loader. 

Bit D6 resets the power-on jump circuit; it must be reset high before RAM can be 
accessed upon completion of a reset or power-on operation. 

Bit D7 enables and disables the on-board memory parity check latch. On power-up or 
reset, this bit is set to low and disables the parity circuit. Prior to enabling the parity 
circuit, all memory must be written; this initializes the parity bit for each location. If a 
parity error occurs an on-board LED is turned ON. If interrupts are enabled and the board 
is jumpered for parity error interrupts, the location in error can be located by clearing bit 
D7 (to clear the error), resetting the bit, and then reading each location again; If no parity 
error is encountered it is likely that the error encountered was a soft read error. Parity 
error interrupts can be jumpered to create a non-maskable or counter/timer channel 
interrupt. 



The bit significance of this port is shown below. 



D7 



D6 



D5 



D4 



D3 



D2 



Dl 



DO 



C 



D7 = MSB; DO = LSB 



1 = Bank ON; = Bank OFF 
Memory bank = 0000 - 3FFF (hex) 
Memory bank 1 = 4 000 - 7FFF (hex) 
Memory bank 2 = 8000 - BFFF (hex) 
Memory bank 3 = COOO - FFFF (hex) 
Not read 

PROM enabled = 0; PROM disabled = 1 
Power on jump reset = 1 
Parity check enable = 1 
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3.2.20.2 



Port 17, Write Operation 



Bits DO, Dl, D2, and D3 switch the second 64K set oi on-boarci memory similarly to the 
corresponding bits for port 16. Bits D4, D5, and D6 control memory mapping of the 
second set of memory. The first set of 64K bytes is not affected by these settings. Five 
memory maps are available and are depicted below. Note that if any 16K segment from 
the first bank is selected to overlay a 16K segment from the second bank, only the first 
bank's 64K memory is selected. 

The bit significance of map is shown below. No overlays may be performed on this bank. 



D7 



D6 



D5 



D4 



D3 



D2 



Dl 



DO 



D7 = MSB; DO = LSB 



c 



1 = Bank ON; = Bank OFF 
Memory bank 4 = 0000 - 3FFF (hex) 

■♦•Memory bank 5 - 4000 - 7FFF (hex) 

-►Memory bank 6 = 8000 - BFFF (hex) 

-►Memory bank 7 = C000 - FFFF (hex) 

-►Set to zero for map zero 

-♦-Set to zero for map zero 

-►Set to zero for map zero 

-►Not read 



The bit significance of map 1 is shown below. Bank zero of the first memory set may 
overlay bank 7. 

D7 = MSB: DO = LSB 



1 = Bank ON; = Bank OFF 
Memory bank 4 = 0000 - 3FFF (hex) 
Memory bank 5 = 4000 - 7FFF (hex) 
Memory bank 6 = 8000 - BFFF (hex) 
► Memory bank 7=0000-3FFF(hex)-bank 
Set to 1 for map I 
Set to zero for map 1 
Set to zero for map 1 
Not read 



D7 


D6 


D5 


D4 


03 


D2 


Dl 


DO 






















L 


► 
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The bit significance of map 2 is shown below. Bank 1 of the first memory set may overlay 
bank 6. 



D7 



D6 



D5 



D4 



D3 



D2 



D 



DO 



D7 = MSB; DO = LSB 



L. 



1 = Bank ON; = Bank OFF 
Memory bank k = 0000 - 3FFF (hex) 

■► Memory bank 3 = 4000 - 7FFF (hex) 

-► Memory bank 6=4000-7FFF(hex)-bank 1 

■► Memory bank 7 = C000 - FFFF (hex) 

■►Set to zero for map 2 

■► Set to 1 for map 2 

■►Set to zero for map 2 

-►Not read 



The bit significance of map 3 is shown below, 
overlay banks 6 and 7, respectively. 



Banks zero and 1 of the first memory set 



D7 



D6 



D5 



D4 



D3 



D2 



Di 



DO 



D7 = MSB; DO = LSB 



t. 



1 = Bank ON; = Bank OFF 
Memory bank 4 = 0000 - 3FFF (hex) 

► Memory bank 5 = 4000 - 7FFF (hex) 

■► Memory bank 6=0000-3FFF(hex)-bank 

■►Memory bank 7=4000-7FFF(hex)-bank 1 

-►.Set to 1 for map 3 

■►Set to 1 for map 3 

■►Set to zero for map 3 

-►Not read 



The bit significance of map 4 is shown below, 
bank k. 



Bank 3 of the first memory set overlays 



D7 



D6 



D5 



D4 



D3 



D2 



Dl 



DO 



D7 = MSB; DO = LSB 



c 



1 = Bank ON; = Bank OFF 

Memory bank 4=C000-FFFF(hex)-bank 3 

► Memory bank 5 = W00 - 7FFF (hex) 

► Memory bank 6 = 8000 - BFFF (hex) 

► Memory bank 7 = C000 - FFFF (hex) 
Set to zero for map 4 



-►Set to zero for map 4 
-►Set to 1 for map U 
•►•Not read 
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EXAMPLES OF BANKING: 



6 4K - Bank 



6 4K - Bank 1 
r 



Bank - Controlled by Port 16 

There are five maps possible in Bank 1. 
Bank always overrides. Once a bit in Bank 
is set, you will always get the corresponding 
memory in that Bank only. 

Bank 1 - Port 17. 

Depending on the map used. 



M^p - You will get the corresponding memory in Map 0, 
Bank 1 if you don't have the Bank bit set. 



Map 1 - If you set bit , then you will get 0-16K, 
if you set just bit 3 , then you get 0-16K 
which corresponds with 48-64K in Map 0. 



MAP 



3/7 



2/6 



1/5 



0/4 



C000 
8000 
4000 




MAP 1 



2/6 
1/5 
0/4/7 



MAP 2 



3/7 



1/5/6 
0/4 



MAP 3 



1/5/7 



0/4/6 



MAP 4 



3/4/7 

2/6 

1/5 



EXAMPLES OF BANKING: 



6 4K - Bank 



64K - Bank 1 
■ ? 



Bank - Controlled by Port 16 

There are five maps possible in Bank 1. 
Bank always overrides. Once a bit in Bank 
is set, you will always get the corresponding 
memory in that Bank only. 

Bank 1 - Port 17. 

Depending on the map used. 



M^p - You will get the corresponding memory in Map 0, 
Bank 1 if you don't have the Bank bit set. 



Map 1 - If you set bit , then you will get 0-16K, 
if you set just bit 3 , then you get 0-16K 
which corresponds with 48-64K in Map 0. 



MAP 



3/7 


COOO 


2/6 


8000 


1/5 


4000 


0/4 






MAP 1 



2/6 
1/5 
0/4/7 



MAP 2 



3/7 



1/5/6 
0/4 



MAP 3 



MAP 4 



1/5/7 
0/4/6 



3/4/7 

2/6 

1/5 



EXAMPLES OF BANKING: 



6 4K - Bank 



6 4K - Bank 1 



Bank - Controlled by Port 16 

There are five maps possible in Bank 1. 
Bank always overrides . Once a bit in Bank ! 
is set, you will always get the corresponding 
memory in that Bank only. 

Bank 1 - Port 17. 

Depending on the map used. 



M^p - You will get the corresponding memory in Map 0, 
Bank 1 if you don't have the Bank bit set. 



Map 1 - If you set bit , then you will get 0-16K, 
if you set just bit 3 , then you get 0-16K 
which corresponds with 48-64K in Map 0. 



MAP 



3/7 


COOO 


2/6 


8000 


1/5 


4000 


0/4 






MAP 1 



2/6 
1/5 
0/4/7 



MAP 2 



3/7 



1/5/6 
0/4 



MAP 3 



MAP 4 



1/5/7 



3/4/7 

2/6 

1/5 



0/4/6 



3.2.21 



Port 18 



This write-only port acts as the set-baud-rate port and allows the user to perform a 
software reset of the baud rate for 5IO channels A and B. The bit significance of this port 
is shown below. 

D7 = MSB; DO = LSB 



D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 


















L 









































SIO channel A baud bit A 
SIO channel A baud bit B 
SIO channel A baud bit C 
»■ SIO channel A baud bit D 
SIO channel B baud bit A 
SIO channel B baud bit B 
SIO channel B baud bit C 
SIO channel B baud bit D 



The baud rates equated with bit settings A, B, C, and D are shown in Table 3-2. These are 
identical for both channel A and channel B. 



BIT 


BIT 


BIT 


BIT 


BAUD 


D 


C 


B 


A 


RATE 














50 











1 


75 








1 





110 








1 


1 


134.5 





1 








150 





1 





1 


300 





1 


1 





600 





1 


1 


1 


1200 













1800 










1 


2000 







1 





2400 







1 


1 


3600 




I 








4800 




1 





1 


7200 




1 


1 





9600 




1 


1 


1 


19,200 



Table 3-2. SUPER SIX Port 18 Baud Rate Settings 
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SECTION IV 
JUMPER CONNECTIONS 



4.1 



JUMPER DEFINITIONS 



Table 4-1 presents the available jumpers and abbreviates their assigned functions. 
Detailed descriptions of individual jumper functions are presented following this table. To 
facilitate jumper insertion, each three (or more) pin jumper is depicted in an illustration 
contained within the narrative for that jumper. 



JUMPER 



FUNCTION 



A 
B 

C 
D 

E 



G 
H 6c T 
J 

36 

27 
K 

M 



Generates Wait States 

Selects between on-board Tri-state and S-100 bus buffering 
(MWRITE) 

Selects 6MHz or 4MHz operation 

Selects 6MHz or 4MHz operation For DMA ONLY (2^3) 

Selects between the S-100 bus interrupt (INT) and the vectored 
interrupt zero (VIO) 

Used in conjunction with jumpers P, N, M, K, R, S, and 3, this 
jumper area selects between vectored interrupts and the parallel I/O 
second port 

Used in adjusting the floppy disk controller phase line level (PLL) 

This jumper area selects synchronous or asynchronous serial I/O 

Used in conjunction with jumpers P, N, M, K, R, S, and F, this 
jumper area selects between vectored interrupts and the parallel I/O 
second port 

Used for interrupts of the CTC to 1.5 MHz, DMA or parity error, 
NMIor 1NTRQ 

Used to set the hardware baud rate 

Used in conjunction with jumpers P, N, M, J, R, S, and F, this 
jumper area selects between vectored interrupts and the parallel I/O 
second port 

Used in conjunction with jumpers P, N, 3, K, R, S, and F, this 
jumper area selects between vectored interrupts and the parallel I/O 
second port 



Table 4-1. SUPER SIX 3umpers and Abbreviated Functions 
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JUMPER 



N 



R 

R25 
S 



FUNCTION 

Used in conjunction with jumpers P, M, J, K, P, S, and F, this 
jumper area selects between vectored interrupts and the parallel I/O 
second port 

Used in conjunction with jumpers N, M, J, K, R, S, and F, this 
jumper area selects between vectored interrupts and the parallel I/O 
second port 

Used in conjunction with jumpers P, N, M, J, K, S, and F, this 
jumper area selects between vectored interrupts and the parallel I/O 
second port 

Used to select the 2716 or the 2732 EPROM 

Used. in conjunction with jumpers P, N, M, J, K, R, and F, this 
jumper area selects between vectored interrupts and the parallel I/O 
second port 



4.2 
4.2.1 



Table 4-1. SUPER SIX Jumpers and Abbreviated Functions (Continued) 



JUMPER DESCRIPTIONS 



Jumper A 

This two-pin jumper must be installed when running DMA. 
4.2.2. Jumper b 



B 



When installed this two-pin jumper causes buffering of the MWRITE signal to be 
performed through the on-board tri-state buffer. When not installed, buffering is 
performed through the S-100 bus. In most cases this jumper is installed. 



4.2.3 



Jumper C 



12 3 



When installed between 1 and 2, this jumper sets the board for 6MHz operation. When 
installed between 2 and 3, 4MHz operation is specified. Also see jumper D, below. 



-23- 



4.2.4 



Jumper D 



When installed between 1 and 2, this jumper sets the board for 6MHz operation. When 
installed between 2 and 3, 4MHz operation is specified. Also see jumper C, above. For DMA 
Operation plug between 2-3 always. 
4.2.5 Jumper E 



1 



This jumper determines whether the S-100 bus interrupt (INT) or the vectored interrupt 
zero (VIO) is to be used. When installed between pins 1 and 2, the VIO is tied to priority 
interrupt DAISY CHAIN. When installed between pins 2 and 3, the priority interrupt 
(S-100 pin 73) is tied to the interrupt DAISY CHAIN. 



4.2.6 



Jumper G 



This jumper adjusts the floppy disk controller phase-locked loop (PLL) and is not installed 
unless adjusting the PLL. 



4.2.7 



Jumpers H and T 



12 3 

12 3 



This jumper area specifies that serial I/O is to be performed synchronously or 
asynchronously. When installed between pins 1 and 2 of jumpers H and T, synchronous 
operation is selected; when installed between pins 2 and 3, asynchronous operation is 
selected. Pins 1 and 11 of the 14 pin 34 and 35 connectors are not factory connected. 
These may be used in synchronous operations to bring the external clock or ring indicator 
into the SIO. 



4.2.8 



Jumper 36 



This jumper is for CTC external interrupts. Pin 14 is the 1.5MHz clock; Pin 12 is 
INTDMA; pin 10 is PERR (parity error); pin 9 is NM1; pin 8 is INTRQ. Jumper J6 internal 
interrupts are 7-6, 5-4, and 3-2. 
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4.2.9 



Jumper R2> 



This Jumper allows selection between the 2716 and 2732 EPROMs. When installed 
between pins 1 and 2, the 2716 LPROM is addressed; when installed between pins 2 and 3, 
the 2732 EPROM is addressed. 



4.2.10 



Jumper 37 



GND 


8 


7 


GND 


9 


6 


GND 


10 


3 


GND 


il 


4 


GND 


12 


3 


GND 


13 


2 


GND 


14 


1 



BDo 
BD5 

BD4 
BD3 
BD2 
BD1 

BDO 



This jumper sets the hardware baud rate. When the jumper is inserted an inverted ground 
condition exists (1); when not inserted a zero (0) value is assumed. This setting must agree 
with the Set Baud Rate Port (port IS - refer to subsection 3.2.21) e.g., when 7, 6, 5, and 4 
are installed, 19.2K baud is read. 



4.2.11 



Jumpers P, N, M, K, J, R, S, and F 

3 2 1 



p 








N 








M 








K 

















R 








S 








F 









These jumpers select between vectored interrupts or the Parallel I/O second port. When 
installed between pins 1 and 2, the vectored interrupts zero (0) to 7, as selected, are 
enabled and connected to Parallel I/O port B. When jumpers are installed between pins 2 
and 3, Parallel I/O port B is connected to the J2 connector. 
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4.3 



FACTORY AND OEM INSTALLED JUMPERS 



4.3.1 8-lnch Floppy Disk Drive 

Install jumpers as indicated below. 

JUMPER BETWEEN PINS 



FUNCTION 



B 




C 


1 - 2 


D 


2-3 


E 


1 - 2 


H 


2-3 


T 


2-3 


36 


1^14:7-8 




3-2 


37 


5, 6, 7, 8 


P 


2-3 


N 


2-3 


M 


2-3 


K 


2-3 


3 


2-3 


R 


2-3 


S 


2-3 


F 


2-3 



Enables the S-100 bus memory write signal 

Set for 6MHz operation 

Set for 4MHZ DMA 

Vectored Interrupt zero 

Specifies asynchronous SIO 

Specifies asynchronous SIO 

Between 1^14 Clock/TRG3 to 

Between 7^8 Clock/TRG2 to 

Between 2-3: Clock TRG1 to 

19.2K baud rate 



T02 of the CTC 
TOl of the CTC 
TOO of the CTC 



Selects para 
Selects para 
Selects para 
Selects para 
Selects para 
Selects para 
Selects para 
Selects para 



llel port B, Bit DO 
llel port B, Bit Dl 
llel port B, Bit D2 
llel port B, Bit D3 
llel port B, Bit D4 
llel port B, Bit D5 
llel port B, Bit D6 
llel port B, Bit D7 



on 32-25 
on 32-27 
on 32-29 
on 32-31 

on 32-33 
on 32-35 
on 32-37 
on 32-39 



4.3.2 



Shugart SA 800/801 Disk Drive 



Remove all factory installed jumpers and install as follows: 



Jumper C 

Jumper T2 

Jumper DS1 (Drive Select 1) 

Jumper DS 

Jumper RR 

Jumper 800 

Jumper A 

Jumper B 

Jumper Tl 

Jumper T3, T4, T5, T6, for end of cable 
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4.3.3 Shugart 850 Disk Drive 

Install the terminator at the cable end. Remove all iactory installed jumpers ana install 
as follows: 

Jumper 2S 

Jumper C 

Jumper A 

Jumper b 

Jumper R 

Jumper I 

Jumper Y 

Jumper 850 

Jumper 52 

Jumper IT 

Jumper FS 

Jumper RM 

Jumper DS 

Jumper S 

Jumper M 

Jumper FM, MFM 

Jumper DS1 (for drive 1) 

Jumper DS2 (for drive 2) 

4.3.4 MFE Model 700 Disk Drive 

Install jumpers as indicated below: 

Jumper J3 
Jumper RHL 
Jumper J4 
Jumper L-l 
Jumper J3 
Jumper WP1 
Jumper J 1-4, J 1-8 
Jumper J10 
Jumper 37 
Jumper SSI 
Jumper SE2 
Jumper Jl 1, HS1 

4.3.5 Tandon Slim Line Disk Drive 

Install the terminator at the cable end. Install jumpers as indicated below: 

Jumper DS1 (for drive 1) 
Jumper DS2 (for drive 2) 
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4.3.6 NEC Model FDJ 160 Disk Drive 
Install jumpers as indicated below: 

Jumper C 
Jumper N 
Jumper HLS 
Jumper M 
Jumper PR1 
Jumper DLD 
Jumper FU 

4.3.7 QUME Data Track 8 Disk Drive 
Install and cut jumpers as indicated below: 



2S, S2 

Jumper DS1 (for drive 1) 

Jumper DS2 (for drive 2) 

Jumper Y 

Jumper C 

Cut X 

Cut Z 

Cut L 



4.3.8 Tandon 5.25-inch Disk Drive (48TP1) 

Install jumpers on the DIP shunt as indicated below: 



Jumper pin 7 

Jumper pin 8 

Jumper pin 2 (for drive 1) 

Jumper pin 3 (for drive 2) 



4.3.9 Mitsubishi Model 2894 Disk Drive 

Install and cut jumpers as indicated below: 



Jumper Y 

Jumper E 

Jumper off 

Jumper R 

Jumper DS (drive select) 

Jumper S2 

Jumper D 

Jumper H 

Jumper I 
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4.3.10 Mitsubishi Model 2896 Disk Drive 

Install jumpers as indicated below: 



Jumper jfg Jumper B 

Jumper ps Jumper RS 

Jumper si next to SE Jumper HUD 

Jumper s2 Jumper Z 

Jumper 141 Jumper WP 

Jumper c Jumper HY 

Jumper 1 

Jumper R 

Jumper it 

Jumper DS (drive select) 

Jumper RFa 

Jumper a 

4.3.1 1 Shugart SA 860 Disk Drive 

Install jumpers as indicated below: 

Jumper DS 
Jumper S2 
Jumper SR 
Jumper TR 

4.3.12 Siemens FDD-100-8 Disk Drive 

Install jumpers as indicated below: 

t r.n Jumper SS 

Jumper RR -1 „ 

T TT Jumper GNP 

Jumper U - r 

t it Jumper se 

Jumper H - r 

Jumper D Jumper Cut jumper 32 and connect jumper 

T , Jumper e 

Jumper L _ r 

Jumper 2 for radial step 

Jumper Cut iuniDer G & connect H 
Jumper R i 

Note: Jumper H is normally shipped as G. Jumper is 
set for 8 or 16 sectors. 

4.3.13 Qume Trak 592 5.25-inch Disk Drive 
Install jumpers as indicated below: 

Jumper HS 
Jumper DSO 

4.3.14 All Other Disk Drives 

Refer to manufacturer-supplied technical manual for specific drive. 

Note: The last drive at the end of the cable must be 
terminated. 
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SECTION V 
EXTERNAL CONNECTOR PINS 



5.1 



CONNECTOR S-100 



This connector interfaces SUPER SIX to the S-100 bus. Pin numbers and names are shown 
in Table 5-1. 



PIN 


NAME 


PIN 


NAME 


PIN 


NAME 


1 


+8V 


25 


PSTVAL* 


58 


SXTRQ* 


2 


+ 16V 


26 


PHLDA 


59 


A19 


3 


XRDY 


27-28 


RFU 


60 


SIXTN* 


4 


VIO* 


29-34 


A5,4,3, 


61-64 


A20-A23 


5 


VII* 




15,12,9 


65-66 


NDEF 


6 


VI2* 


35 


DOl/DATAl 


67 


PHANTOM* 


7 


V13* 


36 


DO0/DATA0 


68 


MRWT 


8 


VI4* 


37 


A10 


69 


RFU 


9 


VI5* 


38 


D04 


70 


GND 


10 


VI6* 


39 


D05 


71 


RFU 


11 


VI7* 


40-43 


D06,12 


72 


RDY 


12 


NMI* 




13,17 


73 


INT* 


13 


PWRFAIL* 


44 


SMI 


74 


HOLD* 


14 


DMA3* 


45 


SOUT 


75 


RESET* 


15 


A18 


46 


SINP 


76 


PSYNCH 


16 


A17 


47 


SMEMR 


77 


PWR* 


17 


A16 


48 


SHLTA 


78 


PDBIN 


18 


SDSB* 


49 


CLOCK 


79-87 


A0-A11 


19 


CDSB* 


50 


GND 


88-95 


DO2-DI0 


20 


GND 


51 


+8V 


96 


SINTA 


21 


NDEF 


52 


-16V 


97 


SWO* 


22 


ADSB* 


53 


GND 


98 


ERROR* 


23 


DODSB* 


54 


SLAVE CLR* 


99 


POC* 


24 





55-57 


DMA0*-DMA2* 


100 


GND 



Table 5-1. S-100 Connector Pins and Pin Functions 
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5.2 



CONNECTOR 02 



This connector interfaces the SUPER SIX to the parallel port. Pin numbers, names, and 
functions are shown in Table 5-2. 



PIN 


NAME 


FUNCTION 


1 


ARDY 


PIO Channel A Ready Signal 


2 


ARDY RET 


Ground 


3 


ASTRB* 


PIO Channel A Strobe 


4 


ASTRB RET 


Ground 


5 


PA0 


PIO Channel A Data Bit 


6 


PA0 RET 


Ground 


7 


PA1 


PIO Channel A Data Bit 1 


8 


PA1 RET 


Ground 


9 


PA2 


PIO Channel A Data Bit 2 


10 


PA2 RET 


Ground 


11 


PA3 


PIO Channel A Data Bit 3 


12 


PA3RET 


Ground 


13 


PA4 


PIO Channel A Data Bit 4 


1* 


PA 4 RET 


Ground 


15 


PA5 


PIO Channel A Data Bit 5 


16 


PA5RET 


Ground 


17 


PA6 


PIO Channel A Data Bit 6 


18 


PA6 RET 


Ground 


19 


PA7 


PIO Channel A Data Bit 7 


20 


PA7 RET 


Ground 


21 


BRDY 


PIO Channel B Ready Signal 


22 


BRDYRET 


Ground 


23 


BSTRB* 


PIO Channel B Strobe 


24 


BSTRB RET 


Ground 


25* 


PB0 


PIO Channel B Data Bit 


26 


PB0 RET 


Ground 


27* 


PB1 


PIO Channel B Data Bit 1 


28 


PB1 RET 


Ground 


29* 


PB2 


PIO Channel B Data Bit 2 


30 


PB2 RET 


Ground 


31* 


PB3 


PIO Channel B Data Bit 3 


32 


PB3 RET 


Ground 


33* 


PB4 


PIO Channel B Data Bit 4 


34 


PB4 RET 


Ground 


35* 


PB5 


PIO Channel B Data Bit 5 


36 


PB5 RET 


Ground 


37* 


PB6 


PIO Channel B Data Bit 6 


38 


PB6 RET 


Ground 


39* 


PB7 


PIO Channel B Data Bit 7 


40 


+5 Volts 





* - Can be jumpered to the S-100 Bus. 

Table 5-2. SUPER SIX 32 Connector Pin Functions 



-31- 



5.3 



CONNECTOR 33 



This connector interfaces the SUPER SIX to the floppy disk controller, 
functions are shown in Table 5-3. 



Pin numbers and 



8 INCH DISK 


5.25 INCH DISK 


FUNCTION 


PIN 


PIN 




1 




Ground 


2 




Alternate Head 2* 


3 




Ground 


4 




N/C 


5 




Ground 


6 




N/C 


7 




Ground 


8 




N/C 


9 




Ground 


10 




N/C 


11 




Ground 


12 




N/C 


13 




Ground 


14 




Head 2* 


15 




Ground 


16 




N/C 


17 


1 


Ground 


18 




Head Load* 


19 


3 


Ground 


20 


8 


Index* 


21 


5 


Ground 


22 




Ready* 


23 


7 


Ground 


24 


8 


Above Track 43* 


25 


9 


ground 


26 


10 


Drive Select 0* 


27 


11 


Ground 


28 


12 


Drive Select 1* 


29 


13 


Ground 


30 


14 


Drive Select 2* 


31 


\5 


Ground 


32 


6 


Drive Select 3* 


33 


\7 


Ground 


34 


18 


Direction 


35 


19 


Ground 


36 


20 


Step* 


37 


21 


Ground 


38 


22 


Write Data* 


39 


23 


Ground 


40 


24 


Write Gate* 


41 


25 


Ground 


42 


26 


Track 0* 


43 


27 


Ground 


44 


28 


Write Protect* 


45 


29 


Ground 


46 


30 


Read Data* 


47 


31 


Ground 


48 


16 


Motor ON* 


49 


33 


Ground 


50 


34 


N/C 



Table 5-3. SUPER 



SIX 33 Connector Pin Functions 
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5.4 



CONNECTOR 34 



This connector interfaces the SUPER SIX to the serial port, channel A. Pin numbers, 
names, and functions are shown in Table 5-4. 



PIN 


NAME 


FUNCTION 


1 


N/C 




2 


DCDA* 


Data Carrier Detect, Channel A* 


3 


SYNCA* 


Sync Detect 


4 


RxDA 


Receive data 


5 


CTSA* 


Clear To Send 


6 


TxDA 


Transmit Data 


7 


RTSA* 


Request To Send 


8 


DTRA* 


Data Terminal Ready 


9 


Tx/RxCA* 


Transmit/receive Clock 


\0 


GND 


Ground 


11 


N/C 




12 


+16 Volts 




13 


-16 Volts 




14 


+5 Volts 





5.5 



Table 5-4. SUPER SIX 34 Connector Pin Functions 
CONNECTOR 35 



This connector interfaces the SUPER SIX with serial port channel B. Pin numbers, names, 
and functions are shown in Table 5-5. 



PIN 


NAME 


FUNCTION 


1 


N/C 




2 


DCDA* 


Data Carrier Detect, Channel A* 


3 


SYNCA* 


Sync Detect 


4 


RxDA 


Receive data 


5 


CTSA* 


Clear To Send 


6 


TxDA 


Transmit Data 


7 


RTSA* 


Request To Send 


8 


DTRA* 


Data Terminal Ready 


9 


Tx/RxCA* 


Transmit/receive Clock 


[Q 


GND 


Ground 


11 


N/C 




12 


+16 Volts 




13 


-16 Volts 




14 


+5 Volts 





Table 5-5. SUPER SIX 35 Connector Pin Functions 
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APPENDIX A 

Z80A/Z80B SERIAL INPUT/OUTPUT (SIO) AND 
DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DART) 



Z8470Z80*DABT 
Dual Asynchronous 
Hecehrer/Transniltter 



Zilog 



Product 
Specification 



March 1981 



F«aturM ■ Two independent full-duplex channels with 

separate modem controls. Modem status can 
be monitored. 

■ Receiver data registers are quadruply buf- 
fered; the transmitter is doubly buffered. 

■ Interrupt features include a programmable 
interrupt vector, a "status affects vector" 
mode for fast interrupt processing, and the 
standard Z-80 peripheral daisy-chain inter- 
rupt structure that provides automatic inter- 
rupt vectoring with no external logic. 



In xl clock mode, data rates are to 500K 
bits/second with a 2.5 MHz clock, or to 
800K bits/second with a 4.0 MHz clock. 

Programmable options include 1 , 1 Vi or 2 
stop bits; even, odd or no parity; and xl, 
xl6, x32 and x64 clock modes. 

Break generation and detection as well as 
parity-, overrun- and framing-error detec- 
tion are available. 





s 



Description The Z-80 DART (Dual-Channel Asynchro- 

nous Receiver/Transmitter) is a dual-channel 
multi-function peripheral component that 
satisfies a wide variety of asynchronous serial 
data communications requirements in micro- 
computer systems. The Z-80 DART is used as a 
serial-to-parallel, parallel-to-serial converter/ 
controller in asynchronous applications. In 
addition, the device also provides modem con- 
trols for both channels. In applications where 



modem controls are not needed, these lines 
can be used for general-purpose I/O. 

Zilog also offers the Z-80 SIO, a more ver- 
satile device that provides synchronous 
(Bisync, HDLC and SDLC) as well as asyn- 
chronous operation. 

The Z-80 DART is fabricated with n-channel 
silicon-gate depletion- load technology, and is 
packaged in a 40-pin plastic or ceramic DIP. 
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Flg-ura 1. Z80 DART Pin Functions 
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Flguro 2. Pin Assignments 



2044-002, 007 



Pin B/A. Channel A Or B Select (input, High 

Description selects Channel B). This input defines which 
channel is accessed during a data transfer be- 
tween the CPU and the Z-80 DART. 

C/D. Control Or Data Select (input, High 
selects Control). This input specifies the type 
of information (control or data) transferred on 
the data bus between the CPU and the Z-80 
DART. 

CE. CAijo Enable (input, active Low). A Low at 
this input enables the Z-80 DART to accept 
command or data input from the CPU during a 
write cycle, or to transmit data to the CPU 
during a read cycle. 

CLK. System Clock (input). The Z-80 DART 
uses the standard Z-80 single-phase system 
clock to synchronize internal signals. 



as an interrupt acknowledge if the Z-80 DART 
is the highest priority device that has inter- 
rupted the Z-80 CPU. 



CTSA, CTSB. Clear To Send (inputs, active 
Low). When programmed as Auto Enables, a 
Low on these inputs enables the respective 
transmitter. If not programmed as Auto 
Enables, these inputs may be programmed as 
general-purpose inputs. Both inputs are 
Schmitt-trigger buffered to accommodate slow- 
risetime signals. 

D -D 7 . System Data Bus (bidirectional, 
3-state) transfers data and commands between 
the CPU and the Z-80 DART. 



DCDA, DCDB. Data Carrier Detect (inputs, 
active Low). These pins function as receiver 
enables if the Z-80 DART is programmed for 
Auto Enables; otherwise they may be used as 
general-purpose input pins. Both pins are 
Schmitt-trigger buffered. 



DTRA . DTRB. Data Terminal Beady (outputs, 
active Low). These outputs follow the state pro- 
grammed into the DTR bit. They can also be 
programmed as general-purpose outputs. 

IEI. Interrupt Enable In (input, active High) is 
used with IEO to form a priority daisy chain 
when there is more than one interrupt-driven 
device. A High on this line indicates that no 
other device of higher priority is being ser- 
viced by a CPU interrupt service routine. 

IEO. Interrupt Enable Out (output, active 
High). IEO is High only if IEI is High and the 
CPU is not servicing an interrupt from this 
Z-80 DART. Thus, this signal blocks lower 
priority devices from interrupting while a 
higher priority device is being serviced by its 
CPU interrupt service routine. 

INT. Interrupt Bequest (output, open drain, 
active Low). When the Z-80 DART is re- 
questing an interrupt, it pulls INT Low. 

Ml. Machine Cycle One (input f rom Z-80 
CPU, active Low). When Ml and RD are both 
active, the Z-80 CPU is fetching an inst ructio n 
from memory; when Ml is active while IORQ is 
active, the Z-80 DART accepts Ml and IORQ 



IORQ. Input /Outpu t Bequest (input from CPU, 
active Low). IORQ is used in conjunction with 
B/A, C/D, CE and RD to transfer commands 
and data between the CPU and t he Z-80 
DART. When CE, RD and IORQ are all 
active, the channel selected by B/A transfers 
data to the CPU (a read operation). When CE 
and IORQ are active, but RD is inactive, the 
channel selected by B/A is written to by the 
CPU with either_data or control information as 
specified by C/D. 

RxCA. RxCB. Beceiver Clocks (inputs). 
Rece ive data is sampled on the rising edge of 
RxC. The Receive Clocks may be 1, 16, 32 or 
64 times the data rate. 

RD. Bead Cycle Status, (input from CPU, ac- 
tive Low). If RD is active, a memory or I/O 
read operation is in progress. 

RxDA, RxDB. Beceive Data (inputs, active 
High). 



RESET. Beset (input, active Low). Disables 
both receivers and transmitters, forces TxDA 
and TxDB marking, forces the modem controls 
High and disables all interrupts. 

RIA . RIB. Bing Indicator (inputs , Ac tive 
Low) . These inputs are similar to CTS and 
DCD. The Z-80 DART detects both logic level 
transitions and interrupts the CPU. When not 
used in switched-line applications, these inputs 
can be used as general-purpose inputs. 

RTSA. RTSB. Bequest to Send (outputs, 

active Low). When the RTS bit is set, the RTS 
output goes Low. When the RTS bit is reset, 
the output goes High after the transmitter 
empties. 



TxCA, TxCB. Transmitter Clo cks (i nputs). TxD 
changes on the falling edge of TxC. The 
Transmitter Clocks may be 1, 16, 32 or 64 
times the data rate; however, the clock 
multiplier for the transmitter and the receiver 
must be the same. The Transmit Clock inputs 
are Schmitt-trigger buffered. Both the Receiver 
and Transmitter Clocks may be driven by the 
Z-80 CTC Counter Time Circuit for program- 
mable baud rate generation. 

TxDA. TxDB. Transmit Data (outputs, active 
High). 

W/RDYA. W/RDYB. Wait/Beady (outputs, 
open drain when programmed for Wait func- 
tion, driven High and Low when programmed 
for Ready function). These dual-purpose out- 
puts may be programmed as Ready lines for a 
DMA controller or as Wait lines that syn- 
chronize the CPU to the Z-80 DART data rate. 
The reset state is open drain. 



Functional The functional capabilities of the Z-80 DART 

Description can be described from two different points of 
view: as a data communications device, it 
transmits and receives serial data, and meets 
the requirements of asynchronous data com- 
munications protocols; as a Z-80 family 
peripheral, it interacts with the Z-80 CPU and 
other Z-80 peripheral circuits, and shares the 
data, address and control buses, as well as 
being a part of the Z-80 interrupt structure. As 
a peripheral to other microprocessors, the Z-80 
DART offers valuable features such as non- 
vectored interrupts, polling and simple hand- 



shake capability. 

The first part of the following functional 
description introduces Z-80 DART data com- 
munications capabilities; the second part 
describes the interaction between the CPU and 
the Z-80 DART. 

A more detailed explanation of Z-80 DART 
operation can be found in the Z-80 SIO Tech- 
nical Manual (Document Number 03-3033-01). 
Because this manual was written for the 
Z-80 SIO, it contains information about syn- 
chronous as well as asynchronous operation. 



Communications Capabilities. The Z-80 
DART provides two independent full-duplex 
channels for use as an asynchronous 
receiver/transmitter. The following is a short 
description of receiver/transmitter capabilities. 
For more details, refer to the Asynchronous 
Mode section of the Z-80 SIO Technical 
Manual. The Z-80 DART offers transmission 
and reception of five to eight bits per 
charactei , plus optional even or odd parity. 
The transmitter can supply one, one and a half 
or two stop bits per character and can provide 
. a break output at any time. The receiver break 
detection logic interrupts the CPU both at the 
start and end of a received break. Reception is 
protected from spikes by a transient spike re- 
jection mechanism that checks the signal one- 
half a bit time after a Low level is detected on 
the Receive Data, input. If the Low does not 
persist — as in the case of a transient — the 
character assembly process is not started. 



Framing errors and overrun errors are 
detected and buffered together with the 
character on which they occurred. Vectored 
interrupts allow fast servicing of interrupting 
conditions using dedicated routines. Further- 
more, a built-in checking process avoids inter- 
prets f ' framing error as a new start bit: a 
fram • or results in the addition of one-half 

a bit time to the point at which the search for 
the next start bit is begun. 

The Z-80 DART does not require symmetric 
Transmit and Receive Clock signals — a feature 
that allows it to be used with a Z-80 CTC or 
any other clock source. The transmitter and 
receiver can handle data at a rate of 1, 1/16, 
1/32 or 1/64 of the clock rate supplied to the 
Receive and Transmit Clock inputs. When 
using Channel B, the bit rates for transmit and 
rece ive o pera tions must be the same because 
RxC and TxC are bonded tot -/ether (RxTxCB). 



I/O Interface Capabilities. The Z-80 DART 
offers the choice of Polling, Interrupt (vectored 
or non- vectored) and Block Transfer modes to 
transfer data, status and control information to 



and from the CPU. The Block Transfer mode 
can be implemented under CPU or DMA 
control. 
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Figure 3. Block Diagram 



Functional POLLING. There are no interrupts in the 

Description Polled mode. Status registers RRO and RR1 are 
(Continued) updated at appropriate times for each function 
being performed. All the interrupt modes of 
the Z-80 DART must be disabled to operate the 
device in a polled environment. 

While in its Polling sequence, the CPU 
-examines the status contained in RRO for each 
channel; the RRO status bits serve as an 
acknowledge to the Poll inquiry. The two RRO 



status bits D and D 2 indicate that a data 
transfer is needed. The status also indicates 
Error or other special status conditions (see 
"Z-80 DART Programming"). The Special 
Receive Condition status contained in RR1 
does not have to be read in a Polling sequence 
because the status bits in RR1 are accom- 
panied by a Receive Character Available 
status in RRO. 



INTERRUPTS. The Z-80 DART offers an 
elaborate interrupt scheme that provides fast 
interrupt response in real-time applications. As 
a member of the Z-80 family, the Z-80 DART 
can be daisy-chained along with other Z-80 
peripherals for peripheral interrupt-priority 
resolution. In addition, the internal interrupts 
of the Z-80 DART are nested to prioritize the 
various interrupts generated by Channels A 
and B. Channel B registers WR2 and RR2 con- 
tain the interrupt vector that points to an inter- 
rupt service routine in the memory. To 
eliminate the necessity of writing a status 
analysis routine, the Z-80 DART can modify the 
interrupt vector in RR2 so it points directly to 
one of eight interrupt service routines. This is 
done under program control by setting a pro- 
gram bit (WR1, D 2 ) in Channel B called 
"Status Affects Vector." When this bit is set, 
the interrupt vector in RR2 is modified accord- 
ing to the assigned priority of the various 
interrupting conditions. 

Transmit interrupts, Receive interrupts and 
External/Status interrupts are the main sources 
of interrupts. Each interrupt source is enabled 
under program control with Channel A having 
a higher priority than Channel B, and with 
Receiver, Transmit and External/Status inter- 
rupts prioritized in that order within each 
channel. When the Transmit interrupt is 
enabled, the CPU is interrupted by the 
transmit buffer becoming empty. (This implies 
that the transmitter must have had a data 
character written into it so it can become 



empty.) When enabled, the receiver can inter- 
rupt the CPU in one of three ways: 

■ Interrupt on the first received character 

■ Interrupt on all received characters 

■ Interrupt on a Special Receive condition 

Interrupt On First Character is typically 
used with the Block Transfer mode. Interrupt 
On All Receive Characters can optionally 
modify the interrupt vector in the event of 
a parity error. The Special Receive Condition 
interrupt can occur on a character basis. The 
Special Receive condition can cause an inter- 
rupt only if the Interrupt On First Receive 
Character or Interrupt On All Receive Char- 
acters mode is selected. In Interrupt On First 
Receive Character, an interrupt can occur 
from Special Receive conditions (except Parity 
Error) after the first receive character interrupt 
(example: Receive Overrun interrupt). 

The main function of the External/Status 
inte rrup t is to m onitor the signal transitions of 
the CTS , DCD and RI pins; however, an 
External/Status interrupt is also caused by the 
detection of a Break sequence in the data 
stream. The interrupt caused by the Break 
sequence has a special feature that allows the 
Z-80 DART to interrupt when the Break 
sequence is detected or terminated. This 
feature facilitates the proper termination of the 
current message, correct initialization of the 
next message, and the accurate timing of the 
Break condition. 



CPU/DMA BLOCK TRANSFER. The Z-80 
DART provides a Block Transfer mode to 
accommodate CPU block transfer functions 
and DMA block transfers (Z-80 DMA or other 
de signs ). The Block Transfer mode uses the 
W/RDY output in conjunction with the 
W ait/Re ady bits of Write Register 1 . The 
W/RDY output can be defined under software 
control as a Wait line in the CPU Block 



Transfer mode or as a Ready line in the DMA 
Block Transfer mode. 

To a DMA controller, the Z-80 DART Ready 
output indicates that the Z-80 DART is ready to 
transfer data to or from memory. To the CPU, 
the Wait output indicates that the Z-80 DART is 
not ready to transfer data, thereby requesting 
the CPU to extend the I/O cycle. 



Infernal The device internal structure includes a Z-80 

Architecture CPU interface, internal control and interrupt 
logic, and two full-duplex channels. Each 
channel contains read and write registers, and 
discrete control and status logic that provides 
the interface to modems or other external 
devices. 

The read and write register group includes 
five 8-bit control registers and two status 
registers. The interrupt vector is written into 
an additional 8- bit register (Write Register 2) 
in Channel B that may be read through Read 
Register 2 in Channel B. The registers for both 
channels are designated as follows: 

WR0-WR5 — Write Registers through 5 
RR0-RR2 — Read Registers through 2 

The bit assignment and functional grouping 
of each register is configured to simplify and 



organize the programming process. 

The logic for both channels provides for- 
mats, bit synchronization and validation for 
data transferred to and from the channel inter- 
face^ The modem control inp uts C lear to Send 
(CTS), Data_Carrier Detect (DCD) and Ring 
Indicator (RI ) are monitored by the control 
logic under program control. All the modem 
control signals are general purpose in nature 
and can be used for functions other than 
modem control. 

For automatic interrupt vectoring, the inter- 
rupt control logic determines which channel 
and which device within the channel has the 
highest priority. Priority is fixed with Channel 
A assigned a higher priority than Channel B; 
Receive, Transmit and External/Status inter- 
rupts are prioritized in that order within each 
channel. 



Data Path. The transmit and receive data path 
illustrated for Channel A in Figure 4 is iden- 
tical for both channels. The receiver has three 
8-bit buffer registers in a FIFO arrangement in 
addition to the 8-bit receive shift register. This 
scheme creates additional time for the CPU to 



service a Receive Character Available inter- 
rupt in a high-speed data transfer. 

The transmitter has an 8-bit transmit data 
register that is loaded from the internal data 
bus, and a 9-bit transmit shift register that is 
loaded from the transmit data register. 
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Figur* 4. Data Path 
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Read Cycle. The timing signals generated by 
a Z-80 CPU input instruction to read a Data or 



Status byte from the Z-80 DART are illustrated 
in Figure 5a. 



Write Cycle. Figure 5b illustrates the timing 
and data signals generated by a Z-80 CPU out- 



put instruction to write a Data or Control byte 
into the Z-80 DART. 



Interrupt Acknowledge Cycle. Afte r receiv- 
ing an Interrupt Request signal (INT pulled 
Low), the Z-80 CPU sends an Interr upt 
Acknowledge signal (Ml and IORQ both Low). 
The daisy-chained interrupt circuits determine 
the highest priority interrupt requestor. The IEI 
of the highest priority peripheral is terminated 
High. For any peripheral that has no interrupt 
pending or under service, IEO = IEI. Any 
peripheral that does have an interrupt pending 
or under service forces its IEO Low. 



To insure stable conditions in the daisy 
chain, all interrupt status signals are pr evente d 
from changing while Ml is Low. When IORQ is 
Low, the highest priority interrupt requestor 
(the one with IEI High) places its interrupt vec- 
tor on the data bus and sets its internal 
interrupt-under-service latch. 

Refer to the Z-80 SJO Technical Manuatiof 
additional details on the interrupt daisy chain 
and interrupt nesting. 



Return From Interrupt Cycle. Normally, the 
Z-80 CPU issues an RETI (Return From Inter- 
rupt) instruction at the end of an interrupt ser- 
vice routine. RETI is a 2-byte opcode (ED-4D) 
that resets the interrupt-under-service latch to 
terminate the interrupt that has just been 
processed. 



When used with other CPUs, the Z-80 DART 
allows the user to return from the interrupt 
cycle with a special command called "Return 
From Interrupt" in Write Register of Channel 
A. This command is interpreted by the Z-80 
DART in exactly the same way it would inter- 
pret an RETI command on the data bus. 
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Figure 5b. Write Cycle 
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Figure 5c. Interrupt Acknowledge Cycle 



Figure 5d. Return from Interrupt Cycle 
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Z-80 DART To program the Z-80 DART, the system pro- 

Programming gram iirst issues a series of commands that 

initialize the basic mode and then other com- 
mands that qualify conditions within the select- 
ed mode. For example, the character length, 
clock rate, number of stop bits, even or odd 
parity are first set, then the Interrupt mode 
and, finally, receiver or transmitter enable. 



Both channels contain command registers 
that must be programmed via the system pro- 
gram prior to operation. The Channel Select 
input (B/A) and the Control/Data input (C/D) 
are the command structure addressing con- 
trols, and are normally controlled by the CPU 
address bus. 



Write Registers. The Z-80 DART contains six 
registers (WR0-WR5) in each channel that are 
programmed separately by the system program 
to configure the functional personality of the 
channels (Figure 4). With the exception of 
WRO, programming the write registers requires 
two bytes. The first byte contains three bits 
(D -D 2 ) that point to the selected register; the 
second byte is the actual control word that is 
written into the register to configure the Z-80 
DART. 

WRO is a special case in that all the basic 
commands (CMD0-CMD2) can be accessed 
with a single byte. Reset (internal or external) 
initializes the pointer bits D -D2 to point to 
WRO. This means that a register cannot be 



pointed to in the same operation as a channel 
reset. 

Write Register Functions 

WRO Register pointers, initialization commands for 
the various modes, etc. 

WR1 Transmit/Receive interrupt and data transfer 
mode definition. 

WR2 Interrupt vector (Channel B only) 

WR3 Receive parameters and control 

WR4 Transmit/Receive miscellaneous parameters 
and modes 

WR5 Transmit parameters and controls 
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Read Registers. The Z-80 DART contains 
three registers (RR0-RR2) that can be read to 
obtain the status information for each channel 
(except for RR2, which applies to Channel B 
only). The status information includes error 
conditions, interrupt vector and standard 
communications- interface signals. 

To read the contents of a selected read 
register other than RRO, the system program 
must first write the pointer byte to WRO in 
exactly the same way as a write register opera- 
tion. Then, by executing an input instruction, 
the contents of the addressed read register can 
be read by the CPU. 



The status bits of RRO and RR1 are carefully 
grouped to simplify status monitoring. For 
example, when the interrupt vector indicates 
that a Special Receive Condition interrupt has 
occurred, all the appropriate error bits can be 
read from a single register (RR1). 

Read Register Functions 

RRO Transmit/Receive buffer status, interrupt 
status and external status 

RR1 Special Receive Condition status 

RR2 Modified interrupt vector (Channel B only) 



Z-80 DART 
Read and Write 
Registers 



READ REGISTER 

| 0, 0, ! 0. D. 0, 0, ; 0, ' 0, | 

L ft, CHARACTER AVAILABLE 
INT PENDING ICH. A ONLY) 
T* BUFFER EMFTY 
OCD 



L±' 

< I 



Rl 
CTS 

NOT USED 
BREAK 



USED WITH "EXTERNAL/ 
> STATUS INTERRUPT" 
MODE 



READ REGISTER T 

| D, | D, | D, | D, | D, | D, | D, | D„ | 

L ALL SENT 



■ NOT USED 

. PARITY ERROR 

■ Rx OVERRUN ERROR 
• FRAMING ERROR 

■ NOT USED 



■Used With Special Receive Condition Mode 



READ REGISTER 2 



| D t | D, | Dj | D, | D, | D | 



L± 

i ' 



"Variable II Status Affects 
Vector Is Programmed 



WRITE REGISTER 

| D, | D. | D, j D 4 | P, | D 2 | D, | D,] 



REGISTER 
REGISTER 1 
REGISTER 2 
REGISTER 3 
REGISTER « 
REGISTER S 



NULL CODE 
NOT USED 

RESET EXT/STATUS INTERRUPTS 
CHANNEL RESET 

ENABLE INT ON NEXT Rx CHARACTER 
RESET TxINT PENDING 
ERROR RESET 

RETURN FROM INT (CHA ONLY) 
-NOT USED 



WRITE REGISTER 1 

I p, ; p. I p, I p. I p, I p, I p, I d„1 



L^ 



EXT INT ENABLE 
Tx INT ENABLE 
STATUS AFFECTS VECTOR 
(CH. B ONLY) 



Rx INT PISABLE 

Rx INT ON FIRST CHARACTER 

INT ON ALL Rx CHARACTERS (PARITY 

AFFECTS VECTOR) 
INT ON ALL Rx CHARACTERS (PARITY 

OOES NOT AFFECT VECTOR) 

• WAITIREAPY ON RIT 

• WAIT/REAPY FUNCTION 

• WAIT/REAPY ENABLE 



OR ON 
SPECIAL 
RECEIVE 
CONDITION 



WRITE REGISTER 2 (CHANNEL B ONLY) 

| P, | P, | P S | P 4 | P, | P; | P, | Pp j 



L^: 



WRITE REGISTER 3 

I 0, | 0, I D 5 I D, I Dj | P, I P, | D 



NOT USEO 
AUTO ENABLES 



Rx 5 BITS/CHARACTER 
Rx 7 BITS/CHARACTER 
Rx 6 BITS/CHARACTER 
Rx > BITS/CHARACTER 



WRITE REGISTER 4 

P, I D 5 j D, I P, 



WRITE REGISTER 5 



L^: 



L- PARITY ENABLE 
PARITY EVEN/OBB 

NOT USEO 

1 STOP BIT/CHARACTER 
r/i STOP BITS/CHARACTER 

2 STOP BITKCHARACTER 
■ NOT USEO 

XI CLOCK MOPE 
X16 CLOCK MOPE 
X32 CLOCK MODE 
X64 CLOCK MODE 



P, 0, ; D, ! 0} P, P„ 



L± 



NOT USEO 

RTS 

NOT USEO 

Tx ENABLE 

SEND BREAK 



Tx 5 BITS (OR LESSVCHARACTER 
Tx 7 BITS/CHARACTER 
Tx 6 BITS/CHARACTER 
Tx • BITSfCHARACTER 
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APPENDIX B 
Z80A/Z80B PARALLEL INPUT/OUTPUT (PIO) 



Z8420 
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Input/Output Controller 
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Product 
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Features ■ Provides a direct interface between Z-80 - 

microcomputer systems jand peripheral 
devices. 

■ Both ports have interrupt- driven handshake 
for fast response. '-**■'.-■ 

D Four programmable operating modes: byte 
input, byte output, byte input/output (BorfiA 
only), and bit input/output. 



■ Programmable interrupts on peripheral 
status conditions. 

■ Standard Z-80 Family bus-request and 
prioritized interrupt-request daisy chains 
imrl' 'vented without external logic. 

:B The eight Port B outputs can drive Dar- 
lington transistors (1.5 mA at 1.5 V). 
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General The Z-80 PIO Parallel I/QsCircuit is a pro: 

Description grammable, dual-port dexice-ihat p r ov i des a 
TTL- compatible interface between peripheral 
- devices and the Z-BO CPlJL The CPU oona^- ; 
ures the Z-80 PIO to Interface^wtth-a TOtdB . 
range of peripheral devices -with no citer 
external logic. Typical peripheral devices &at 
are compatible with the Z-80 PIQinchide:.mos? 
keyboards, paper tape readers end pEoachesi: 
printers, PROM programmers, e!c. 

One characteristic of the Z-€Q peripheral 
controllers that separates, them from other — - 
interface controllers is that all data transfers 
between the peripheral de-vdce.and the CPU is 
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accomplished under interrupt control. Thus, 
the interrupt logic of the PIO permits full use 
of the efficient interrupt capabilities of the 
JZ-80 CPU during I/O transfers. All logic 
necessary to implement a fully nested interrupt 
^structure is included in the PIO. 

Another feature of the PIO is the ability to 
interrupt the CPU upon occurrence of speci- 
fied status conditions in the peripheral device. 
jFor example, the PIO can be programmed to 
interrupt if any specified peripheral alarm con- 
ditions should occur. This interrupt capability 
^reduces the time the processor must spend in 
spoiling peripheral status. 
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General The Z-80 PIO interfaces to peripherals via 

Description two independent general-purpose I/O ports, 
(Continued) designated Port A and Port B. Each port has 
eight data bits and two handshake signals, 
Ready and Strobe, which control data transfer. 
The Ready output indicates to the peripheral 
that the port is ready for a data transfer. 
Strobe. is an input from the peripheral that 
indicates when a data transfer has occurred. 

Operating Modes. The Z-80 PIO ports can be 
programmed to operate in four modes: byte 
output (Mode 0), byte input (Mode 1), byte 
input/output (Mode 2) and bit input/output 
(Mode 3). 

In Mode 0, either Port A or Port B can be 
programmed to output data. Both ports have 
output registers that are individually addressed 
by the CPU; data can be written to either port 
at any time. When data is written to a port, an 
active Ready output indicates to the external 
device that data is available at the associated 
port and is ready for transfer to the external 
device. After the data transfer, the external 
device responds with an active Strobe input, 
which generates an interrupt, if enabled. 

In Mode 1 , either Port A or Port B can be 
configured in the input mode. Each port has 
an input register addressed by the CPU. When 
the CPU reads data from a port, the PIO sets 
the Ready signal, which is detected by the 
external device. The external device then 
places data on the I/O lines and strobes the 
I/O port, which latches the data into the Port 
Input Register, resets Ready, and triggers the 
Interrupt Reguest, if enabled. The CPU can 
read the input data at any time, which again 
sets Ready. 

Mode 2 is bidirectional and uses Port A, 
plus the interrupts and handshake signals from 
both ports. Port B must be set to Mode 3 and 
masked off. In operation, Port A is used for 
both data input and output. Output operation 
is similar to Mode except that da ta is a llowed 
out onto the Port A bus only when ASTB is 
Low. For input, operation is similar to Mode 1, 
except that the data input uses the Port B 
handshake signals and the Port B interrupt (if 
enabled). 

Both ports can be used in Mode 3. In this 
mode, the individual bits are defined as either 
input or output bits. This~ provides up to eight 
separate, individually defined bits for each 
port. During operation, Ready and Strobe are 



not used. Instead, an interrupt i?. generated if 
the condition of one input changes, or if all 
inputs change. The re< H - jirements for gener- 
ating an interrupt are -Jefir.ed during the pro- 
gramming operati&n; the active level is 
specified as either High or Low, and the logic 
condition is specified as either one input active 
(OR) or all inputs active (AND). For example, 
if the port is programmed for active Low 
inputs and the logic function is AND, then all 
inputs at the specified port must go Low to 
generate an interrupt. 

Data outputs are controlled by the CPU and 
can be written or changed at any time. 

■ Individual bits can be masked off. 

■ The handshake signals are not used in 
Mode 3; Ready is held Low, and Strobe is 
disabled. 

■ When using the Z-80 PIO interrupts, the 
Z-80 CPU interrupt mode must be set to 
Mode 2. 




Flour* 3. PIO In a Typical ZSO Family Environment 



Internal The internal structure of the Z-80 PIO con- 

structor* sists of a Z-80 CPU bus interface, internal con- 

trol logic, Port A I/O logic, Port B I/O logic, 
and interrupt control logic (Figure 4). The 
CPU bus interface logic allows the Z-80 PIO to 
interface directly to the Z-80 CPU with no 
other external logic. The interned control logic 
synchronizes the CPU data bus to the per- 
ipheral device interfaces (Port A and Port B). 
The two I/O ports (A and B) are virtually 
identical and are used to interface directly to 
peripheral devices. 

Port Logic. Each port contains separate input 
and output registers, handshake control logic, 
and the control registers shown in Figure 5. 
All data transfers between the peripheral unit 
and the CPU use the data input and output 
registers. The handshake logic associated with 
each port controls the data transfers through 
the input and the output registers. The mode 
control register (two bits) selects one of the 
four programmable operating modes. 

The control mode (Mode 3) uses the remain- 
ing registers. The input/output control register 
specifies which of the eight data bits in the 
port are to be outputs and enables these bits; 
the remaining bits are inputs. The mask reg- 
ister and the mask control register control 
Mcs3e.3. interrupt conditions. The mask register 
specifies which of the bits in the port are 
active -and which are masked or inactive. 



The mask control register specifies two 
conditions: first, whether the active state of 
the input bits is High or Low, and second, 
whether an interrupt is generated when any 
one unmasked input bit is active (OR condi- 
tion) or if the interrupt is generated when 
all unmasked input bits are active (AND 
condition) . 

Interrupt Control Logic. The interrupt control 
logic section handles all CPU interrupt pro- 
tocol for nested- priority interrupt structures. 
Any device's physical location in a daisy-chain 1 -; 
configuration determines its priority. Two lines 
(IEI and IEO) are provided in each PIO to 
form this daisy chain. The device closest to the 
CPU has the highest priority. Within a PIO/ 
Port A interrupts have higher priority than 
those of Port B. In the byte input, byte output, 
or bidirectional modes, an interrupt can be 
generated whenever the peripheral requests a 
new byte transfer. In the bit control mode, an 
interrupt can be generated when the periph- 
eral status matches a programmed value. The 
PIO provides for complete control of nested 
"interrupts. That is, lower priority devices may 
riot interrupt higher priority devices that have 
not had their interrupt service routines com- 
pleted by the CPU. Higher priority devices 
may interrupt the servicing of lower priority 
devices. 
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Internal II the CPU (in interrupt Mode 2) accepts an 

Structure interrupt, the interrupting device must provide 

(Continued) an 8- bit interrupt vector for the CPU. This vec- 
tor forms a pointer to a location in memory 
where the address of the interrupt service 
routine is located. The 8- bit vector from the 
interrupting device forms the least significant 
eight bits of the indirect pointer while the 
I Register in the CPU provides the most signifi- 
cant eight bits of the pointer. Each port (A and 
B) has an independent interrupt vector. The 
least significant bit of the vector is automati- 
cally set to within the PIO because the 
pointer must point to two adjacent memory 
locations for a complete 16- bit address. 

Unlike the other Z-80 peripherals, the PIO 
does not enable interrupts immediately after 
programming. It waits until Ml goes Low (e.g., 
during an opcode fetch). This condition is 
unimportant in the Z-80 environment but might 
not be if another type of CPU is used. 
The PIO decodes the RETI (Return From 



Interrupt) instruction directly from the CPU 
data bus so that each PIO in the system knows 
at all times whether it is being serviced by the 
CPU interrupt service routine. No other com- 
munication with the CPU is required. 

CPU Bus I/O Logic. The CPU bus interface 
logic interfaces the Z-80 PIO directly to the 
Z-80 CPU, so no external logic is necessary. 
For large systems, however, address decoders 
and/or buffers may be necessary. 

Internal Control Logic. This logic receives the 
control words for each port during program- 
ming and, in turn, controls the operating func- 
tions of the Z-80 PIO. The control logic syn- 
chronizes the port operations, controls the port 
mode, port addressing, selects the read/write 
function, and issues appropriate commands to 
the ports and the interrupt logic. The Z-80 PIO 
does not rec eive a w rite input from t he CPU; 
instead, the RD, CE, C/D and IORQ signals 
generate the write input internally. 
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Figure 5. Typical Port I/O Block Diagram 



Interned The internal structure of the Z-80 PIO con- 

Structure sists of a Z-80 CPU bus interface, internal con- 

trol logic. Port A I/O logic, Port B I/O logic, 
and interrupt control logic (Figure 4). The 
CPU bus interface logic allows the Z-80 PIO to 
interface directly to the Z-80 CPU with no 
other external logic. The internal control logic 
synchronizes the CPU data bus to the per- 
ipheral device interfaces (Port A and Port B). 
The two I/O ports (A and B) are virtually 
identical and are used to interface directly to 
peripheral devices. 

Port Logic. Each port contains separate input 
and output registers, handshake control logic, 
and the control registers shown in Figure 5. 
All data transfers between the peripheral unit 
and the CPU use the data input and output 
registers. The handshake logic associated with 
each port controls the data transfers through 
the input and the output registers. The mode 
control register (two bits) selects one of the 
four programmable operating modes. 

The control mode (Mode 3) uses the remain- 
ing registers. The input/output control register 
specifies which of the eight data bits in the 
port are to be outputs and enables these bits; 
the remaining bits are inputs. The mask reg- 
ister and the mask control register control 
Mdlle.S interrupt conditions. The mask register 
specifies which of the bits in the port are 
active and which are masked or inactive. 



The mask control register specifies two 
conditions: first, whether the active state of 
the input bits is High or Low, and second, 
whether an interrupt is generated when any 
one unmasked input bit is active (OR condi- 
tion) or if the interrupt is generated when 
all unmasked input bits are active (AND 
condition). 

Interrupt Control Logic. The interrupt control 
logic section handles all CPU interrupt pro- 
tocol for nested- priority interrupt structures. 
Any device's physical location in a daisy-chain 1 -, 
configuration determines its priority. Two lines 
(IEI and IEO) are provided in each PIO to 
form this daisy chain. The device closest to the 
CPU has the highest priority. Within a PIO, r 
Port A interrupts have higher priority than 
those of Port B. In the byte input, byte output, 
or bidirectional modes, an interrupt can be 
generated whenever the peripheral requests a 
new byte transfer. In the bit control mode, an 
interrupt can be generated when the periph- 
eral status matches a programmed value. The 
PIO provides for complete control of nested 
"interrupts. That is, loWer priority devices may 
riot interrupt higher priority devices that have 
not had their interrupt service routines com- 
pleted by the CPU. Higher priority devices 
may interrupt the servicing of lower priority 
devices. 
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Internal Ii the CPU (in interrupt Mode 2) accepts an 

Structure interrupt, the interrupting device must provide 

(Continued) an 8- bit interrupt vector for the CPU. This vec 
tor forms a pointer to a location in memory 
where the address of the interrupt service 
routine is located. The 8-bit vector from the 
interrupting device forms the least significant 
eight bits of the indirect pointer while the 
I Register in the CPU provides the most signifi- 
cant eight bits of the pointer. Each port (A and 
B) has an independent interrupt vector. The 
least significant bit of the vector is automati- 
cally set to within the PIO because the 
pointer must point to two adjacent memory 
locations for a complete 16- bit address. 

Unlike the other Z-80 peripherals, the PIO 
does not enable interrupts immediately after 
programming. It waits until Ml goes Low (e.g., 
during an opcode fetch). This condition is 
unimportant in the Z-80 environment but might 
not be if another type of CPU is used. 
The PIO decodes the RETI (Return From 



Interrupt) instruction directly from the CPU 
data bus so that each PIO in the system knows 
at all times whether it is being serviced by the 
CPU interrupt service routine. No other com- 
munication with the CPU is required. 

CPU Bus I/O Logic. The CPU bus interface 
logic interfaces the Z-80 PIO directly to the 
Z-80 CPU, so no external logic is necessary. 
For large systems, however, address decoders 
and/or buffers may be necessary. 

Internal Control Logic. This logic receives the 
control words for each port during program- 
ming and, in turn, controls the operating func- 
tions of the Z-80 PIO. The control logic syn- 
chronizes the port operations, controls the port 
mode, port addressing, selects the read/write 
function, and issues appropriate commands to 
the ports and the interrupt logic. The Z-80 PIO 
does not rec eive a w rite input from t he CPU; 
instead, the RD, CE, C/D and IORQ signals 
generate the write input internally. 
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Figure 5. Typical Port I/O Block Diagram 
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Programming Mod* 0, 1. or 2. (Byte Input, Output, or 

Bidirectional). Programming a port for Mode 
0, 1, or 2 requires two words per port. These 
words are: 

A Mod* Control Word. Selects the port operating mode 
(Figure 6). This word may be written any time. 

An Interrupt Vector. The Z-80 PIO is designed for use with 
the Z-80 CPU in interrupt Mode 2 (Figure 7). When inter- 
rupts are enabled, the PIO must provide an interrupt 
vector. 

Mode 3. (Bit Input/Output). Programming a 
port for Mode 3 operation requires a control 
word, a vector (if interrupts are enabled), and 
three additional words, described as follows: 

I/O Register Control. When Mode 3 is selected, the mode 
control word must be followed by another control word that 
sets the I/O control register, which in turn defines which 
port lines are inputs and which are outputs (Figure 8). 
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Interrupt Control Word. In Mode 3, handshake is not 
used. Interrupts are generated as a logic function of the 
input signal levels. The interrupt control word sets the 
logic conditions and the logic levels required for gener- 
ating an interrupt. Two logic conditions or functions are 
available: AND (if all input bits change to the active level, 
an interrupt is triggered), and OR (if any one of the input 
bits changes to the active level, an interrupt is triggered). 
Bit Dg sets the logic function, as shown in Figure 9. The 
active level of the input bits can be set either High or Low. 
The active level is controlled by Bit D5. 

Mask Control Word. This word sets the mask control 
register, allowing any unused bits to be masked off. If any 
bits are to be masked, then D4 must be set. When D4 is set, 
the next word written to the port must be a mask control 
word (Figure 10). 

Interrupt Disable. There is one other control 
word which can be used to enable or disable a 
port interrupt. It can be used without changing 
the rest of the interrupt control word 
(Figure 11). 
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D| • O NO MASK WORK FOLLOWS 
D 4 - 1 MASK WORD FOLLOWS 

D» ■ ACTIVE LEVEL IS LOW 
Os - 1 ACTIVE LEVEL IS HIGH 

D, - INTERRUPT ON OR FUNCTION 
D, - 1 INTERRUPT ON AND FUNCTION 

D7 - INTERRUPT DISABLED 
Of - 1 INTERRUPT ENABLED* 



'NOTE: THE PORT IS NOT ENABLED UNTIL 

THE INTERRUPT ENABLE IS FOLLOWED 
BY AN ACTIVE Hi. 



Figure 6. Mod* Control Word 



Figur* 9. Interrupt Control Word 
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MBo-MB, MASK BITS. A 
BIT IS MONITORED FOR AN 
INTERRUPT IF IT IS 
DEFINED AS AN INPUT AND 
THE MASK BIT IS SET TO 0. 



Figur* 7. Interrupt Vector Word 



Figur* 10. Mask Control Word 
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Dj - INTERRUPT DISABLE 
D7 - 1 INTERRUPT ENABLE 



Figur* 8. I/O Register Control Word 



Figure 11. Interrupt Disable Word 
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Pin A0-A7. Port A Bus (bidirectional, 3-state). 

Description This 8-bit bus transfers data, status, or control 
information between Port A of the PIO and a 
peripheral device. Ao is the least significant 
bit of the Port A data bus. 

ARDY. Register A Heady (output, active 
High). The meaning of this signal depends on 
the mode of operation selected for Port A as 
follows: 

Output Mode. This signal goes active to indicate that the 
Port A output register has been loaded and the peripheral 
data bus is stable and ready for transfer to the peripheral 
device. 

Input Mode. This signal is active when the Port A input 
register is empty and ready to accept data from the 
peripheral device. 

Bidirectional Mode. This signal is active when data is 
available in the Port A output register for transfer to the 
peripheral device. In th is mod e, data is not placed on the 
Port A data bus, unless ASTB is active. 

Control Mode. This signal is disabled and forced to a Low 
state. 



ASTB. Port A Strobe Pulse From Peripheral 
Device (input, active Low). The meaning of 
this signal depends on the mode of operation 
selected for Port A as follows: 

Output Mode. The positive edge of this strobe is issued by 
the peripheral to acknowledge the receipt of data made 
available by the PIO. 

Input Mode. The strobe is issued by the peripheral to load 
data from the peripheral into the Port A input registeV. 
Data is loaded into the PIO when this signal is active. 

Bidirectional Mode. When this signal is active, data from 
the Port A output register is gated onto the Port A bidirec- 
tional data bus. The positive edge of the strobe acknowl- 
edges the receipt of the data. 

Control Mode. The strobe is inhibited internally. 
B0-B7. Port B Bus (bidirectional, 3-state). This 
8-bit bus transfers data, status, or control 
information between Port B and a peripheral 
device. The Port B data bus can supply 
1 .5 mA at 1.5 V to drive Darlington transistors. 
Bo is the least significant bit of the bus. 

B/A. Port B Or A Select (input, High = B). 
This pin defines which port is accessed during 
a data transfer between the CPU and the PIO. 
A Low on this pin selects Port A; a High 
selects Port B. Often address bit Ao from the 
CPU is used for this selection function. 

BRDY. Register B Ready (output, active High). 
This signal is similar to ARDY, except that in 
the Port A bidirectional mode this signal is 
High when the Port A input register is empty 
and ready to accept data from the peripheral 
device. 



C/D. Control Or Data Select (input. 
High = C). This pin defines the type of data 
transfer to be performed between the CPU and 
the PIO. A High on this pin during a CPU 
write to the PIO causes the Z-80 data bus to be 
interpreted as a command for the port selected 
by the B/S Select line. A Low on this pin 
means that the Z-80 data bus is being used to 
transfer data between the CPU and the PIO. 
Often address bit A\ from the CPU is used for 
this function. 

CE. Chip Enable (input, active Low). A Low 
on this pin enables the PIO to accept com- 
mand or data inputs from the CPU during a 
write cycle or to transmit data to the CPU dur- 
ing a read cycle. This signal is generally 
decoded from four I/O port numbers for Ports 
A and B, data, and control. 
CLK. System Clock (input). The Z-80 PIO uses 
the standard single-phase Z-80 system clock. 

D0-D7. Z-80 CPU Data Bus (bidirectional, 
3-state). This bus is used to transfer all data 
and commands between the Z-80 CPU and the 
Z-80 PIO. Do is the least significant bit. 

IEI. Interrupt Enable In (input, active High). 
This signal is used to form a priority-interrupt 
daisy chain when more than one interrupt- 
driven device is being used. A High level on 
this pin indicates that no other devices of 
higher priority are being serviced by a CPU 
interrupt service routine. 

IEO. Interrupt Enable Out (output, active 
High). The IEO signal is the other signal 
required to form a daisy chain priority scheme. 
It is High only if IEI is High and the CPU is 
not servicing an interrupt from this PIO. Thus 
this signal blocks lower priority devices from 
interrupting while a higher priority device is 
being serviced by its CPU interrupt service 
routine. 

INT. Interrupt Req uest (output, open drain, 
active Low). When INT is active the Z-80 PIO 
is requesting an interrupt from the Z-80 CPU. 



BSTB. Port B Strobe Pulse From Peripheral 
Device (i nput, a ctive Low). This signal is 
similar to ASTB, except that in the Port A 
bidirectional mode this signal strobes data 
from the peripheral device into the Port A 
input register. 



IORQ. Input/Outp ut Req uest (input from Z-80 
CPU, active Low). I ORQ is u sed in conjunc- 
tion with B/A, C/D, CE, and RD to transfer 
commands and data between the Z-80 C PU and 
the Z-80 PIO. When CE, RD, and IORQ" are 
active, the port addressed by B/A transfers 

data to the CP U (a rea d oper ation). Con- 

versely, when CE and IORQ are active but RD 
is not, the port addressed by B/A* is written 
into from the CPU with either data or control 
inform ation, as specified by C/D. Also, if 
IORQ and Ml are active simultaneously, the 
CPU is acknowledging an interrupt; the inter- 
rupting port automatically places its interrupt 
vector on the CPU data bus if it is the highest 
priority device requesting an interrupt. 



Pin Ml. Machine Cycle (input from CPU, active 

Description Low). This signal is used as a sync pulse to 
(Continued) control several internal PIO operations. When 
both the Ml and RD signals are active, the 
Z-80 CPU is fetching an instruction from 
memo ry. Conversely, when both Ml and 
IORQ are active, the CPU is acknowledging 
an interrupt. In addition, Ml has two other 
functions within the Z-80 PIO: it synchronizes 



the PIO interrupt logic; when Ml occurs 
without an active RD or IORQ signal, the PIO 
is reset. 

RD. Read Cycle Statu3 (input from Z-80 CPU, 
active Low). If RD is active, or an I/Ojppera- 
tion is in progr ess, RD is used with B/A, C/D, 
CE, and IORQ to transfer data from the Z-80 
PIO to the Z-80 CPU. 



Timing The following timing diagrams show typical 

timing in a Z-80 CPU environment. For more 
precise specifications refer to the composite 
ac timing diagram. 

Writ* Cycle. Figure 12 illustrates the 
timing for programming the Z-80 PIO 
or for writing data to one of its ports. No 
Wait states are allowed for writing to the 
PIO other than the automatically inserted 
Twa- The PIO does not receive a speci- 
fic write signal; it internally generates 
its own from the lack of an active 
RD signal. 
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Read Cycle. Figure 13 illustrates the timing 
for reading the data input from an external 
device to one of the Z-80 PIO ports. No Wait 
states are allowed for reading the PIO other 
than the automatically inserted Tyj^. 

Output Mode (Mod* 0). An output cycle 
(Figure 14) is always started by the execu tion 
of an output instruction by the CPU. The WR* 
pulse from the CPU latches the data from the 
CPU data bu s int o the selected port's output 
register. The WR* pulse sets the Ready flag 
after a Low-going edge of CLK, indicating 
data is available. Ready stays active until the 
positive edge of the . *robe line is received, 
indicating that data was taken by the periph- 
eral. The pos itive edge of the strobe pulse 
generates an INT if the interrupt enable flip- 
flop has been set arid if this device has the 
highest priority. 
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Timing Input Mode (Mode 1). When STROBE goes 

(Continued) Low, data is loaded into the selected port input 
register (Figure 15) . The next rising edge of 
strobe activates INT, if Interrupt Enable is set 
and this is the highest- priority requesting 
device. The following falling edge of CLK 
resets Ready to an inactive state, indicating 



that the input register is full and cannot accept 
any more data until the CPU completes a read. 
When a read is complete, the positive edge of 
RD sets Ready at the next Low-going transition 
of CLK. At this time new data can be loaded 
into the PIO. 




*RD = RD • CE • C/D • IORQ 

Figure 15. Mod* .1 Input Timing 



Bidirectional Mode (Mode 2). This is a com- 
bination of Modes and 1 using all four hand- 
shake lines and the eight Port A I/O lines 
(Figure 16). Port B must be set to the bit mode 
and its inputs must be masked. The Port A 
handshake lines are used for output control 
and the Port B lines are used for input control. 



If interrupts occur, Port A's vector will be used 
during port output and Port B's will be used 
during port input. Dat a is al lowed out onto the 
Port A bus only when ASTB is Low. The rising 
edge of this strobe can be used to latch the 
data into the peripheral. 




*WR = RD • CE • C/D • IORQ 

Figure 16. Mod* 2 Bidirectional Timing 
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Timing Bit Mode (Mode 3). The bit mode does not 

(Continued) utilize the handshake signals, and a normal 

port write or port read can be executed at any 
time. When writing, the data is latched into 
the output registers with the same timing as the 
output mode (Figure 17). 

When reading the PIO, the data returned to 
the CPU is composed of output register data 
from those port data lines assigned as outputs 
and input register data from those port data 



lines assigned as inputs. The input register 
contains data that was pres ent immediately 
prior to the falling edge of RD. An interrupt is 
generated if interrupts from the port are 
enabled and the data on the port data lines 
satisfy the logical equation defined by the 8-bit 
mask and 2-bit mask control registers. How- 
ever, if Port A is programmed in bidirectional 
mode, Port B does not issue an interrupt in bit 
mode and must therefore be polled. 
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Figure 17. Mod* 3 Bit Mode Timing 



Interrupt Acknowledge Timing. During Ml 
time, peripheral controllers are inhibited from 
changing their interrupt enable status, permit- 
ting the Interrupt Enable signal to ripple 
through the daisy chain. The periphera l with 
IEI High and. IEO Low during INTACK places 
a preprogrammed 8-bit interrupt vector on the 
data bus at this time (Figure 18). IEO is held 
Low until a Return From Interrupt (RETI) 
instruction is executed by the CPU while IEI is 
High. The 2-byte RETI instruction is decoded 
internally by the PIO for this purpose. 



j^jijn_n_n_n_ri_ 

/SAUPLE 



INT 

f 


Y™ 


/ 




iono \ 


\ , 


\_ 


J 








Ml 


\ \ 


^J 


no 


-y) 













. IOR0ANDMM 

INDICATE 
J INTERRUPT 

ACKNOW LEDGE 
' INTACK 



Figure 18. Interrupt Acknowledge Timing 



Return From Interrupt Cycle. If a Z-80 per- 
ipheral has no interrupt pending and is not 
under service, then its IEO = IEI. If it has an 
interrupt under service (i.e., it has already 
interrupted and received an interrupt acknowl- 
edge) then its IEO is always Low, inhibiting 
lower priority devices from interrupting. If it 
has an interrupt pending which has not yet 
been acknowledged, IEO is Low unless an 
"ED" is decoded as the first byte of a 2-byte 
opcode (Figure 19). In this case, IEO goes 
High until the next opcode byte is decoded, 
whereupon it goes Low again. If the second 
byte of the opcode was a "4D," then the 
opcode was an RETI instruction. 

After an "ED" opcode is decoded, only the 
peripheral device which has interrupted and is 
currently under service has its IEI High and its 



IEO Low. This device is the highest-priority 
device in the daisy chain that has received an 
interrupt acknowledge. All other peripherals 
have IEI = IEO. If the next opcode byte 
decoded is "4D," this peripheral device resets 
its "interrupt under service" condition. 
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Figure 19. Return From Interrupt 
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Number Symbol 


Parameter 


Z-I9PIO 
Mln Max 
(ns) (») 


Z-00AKO 
Mln Max 

(») (M) 


M0BP1OJ9) 
Mln Max 
(») (m) 


Comment 


1 


TcC 


Clock Cycle Time 


400 


[11 


250 


[1] 


165 


[1] 




2 


TwCh 


Clock Width (High) 


170 


2000 


105 


2000 


65 


2000 




3 


TwCl 


Clock Width (Low) 


170 


2000 


105 


2000 


65 


2000 




4 


TfC 


Clock Fall Time 




30 




30 




20 




5 


TrC 


Clock Rise Time 




30 




30 




20 




6 


TsCS(RI) 


CE, B/A, C/D to RD, 
IORQ 1 Setup Time 


50 




50 




50 




[6] 


7 


Th 


Any Hold Times for Specified 
Setup Time 




















8 


TsRI(C) 


RD, IORQ to Clock t Setup 
Time 


115 




115 




70 






9— 




















JCKJ 


12] 


10 


TdRI(DOs) 


RD, IORQ t to Data Out Float 
Delay 




160 




no 




70 




11 


TsDI(C) 


Data In to Clock t Setup Time 


50 




50 




40 




CL = 50 pF 


12 
13— 


TdlO(DOI) 
-TsMl(Cr) 


IORQ 1 to Data Out Delay 
(INTACK Cycle) 

- Ml I to Clock t Setup Time 


340 




160 




120 




[31 
















14 


TsMl(Cf) 


Ml t to Clock I Setup Time 
(Ml Cycle) 

















[81 


15 


TdMl(IEO) 


Ml J to IEO I Delay (Interrupt 
Immediately Preceding Ml I) 




300 




190 




100 


15,71 


16 
17 — 


TsIEI(IO) 
-TdlEI(IEOf)— 


IEI to IORQ I Setup Time 
(INTACK Cycle) 


140 




140 




100 




[7] 
















CL = 50 pF 


18 


TdlEI(IEOr) 


IEI t to IEO t Delay (after ED 
Decode) 




210 




160 




160 


[51 


19 


TcIO(C) 


IORQ t to Clock 1 Setup Time 

















(To Activate READY on Next 



S 

e 
o 







Clock Cycle) 


220 




200 




170 






20- 


— TdC(RDYr)— 


- Clock I to READY t Delay 


-200- 




— 190— 




— 170— 




f^i- 


PJ 
CL = 50 pF 


21 


TdC(RDYf) 


Clock 1 to READY t Delay 


150 




140 




120 




[5] 


22 


TwSTB 
TsSTB(C) 


STROBE Pulse Width 


150 
220 




150 
220 




120 
150 




[41 


23 


STROBE t to Clock 1 Setup 
Time (To Activate READY on 
Next Clock Cycle) 


[51 


24- 


— TdlO(PD) 

TsPD(STB) 


- IORQ t to PORT DATA Stable - 
Delay (Mode 0) 
















260 


200 


230 


180 


190 


160 


[51 


25 


PORT DATA to STROBE t 
Setup Time (Mode 1) 




26 


TdSTB(PD) 


STROBE t to PORT DATA 
Stable (Mode 2) 




230 




210 




180 


[51 


27 - 


— TdSTB(PDr)- 


- STROBE t to PORT DATA Float ■ 
Delay (Mode 2) 


















200 




180 




160 


CL = 50 pF 


28 


TdPD(INT) 


PORT DATA Match to INT I 
Delay (Mode 3) 




540 




490 




430 




29 


TdSTB(INT) 


STROBE 1 to INT 1 Delay 




490 




440 




350 





NOTES: 
[1] TcC = TwCh + TwCl + TrC + TfC. 
[2] Increase TdRI(DO) by 10 ns lor each 50 pF increase in load 

up to 200 pF max. 
[3] Increase TdlO(DOI) by 10 ns for each 50 pF, increase in 

loading up to 200 pF max. 
[4] For Mode 2: TwSTB > TsPD(STB). 
[5] Increase these values by 2 ns for each 10 pF increase in 

loading up to 100 pF max. 



[6] TsCS(RI) may be reduced. However, the time subtracted 

from TsCS(RI) will be added to TdRI(DO). 
[7] 2.5 TcC > (N-2)TdIEI(IEOf) + TdMl(IEO) + TsIEI(IO) 

+ TTL Buffer Delay, if any. 
[8] Ml must be active for a minimum of two clock cycles to 

reset the PIO. 
[9] Z80B PIO numbers are preliminary and subject to change. 



Absolute Voltages on all inputs and outputs 

Maximum with respect to GND -0.3 V to +7.0 V 

Ratings Operating Ambient 

Temperature As Specified in 

Ordering Information 

Storage Temperature '.-65°Cto +150°C 



Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



Test The characteristics below apply for the 

Conditions following standard test conditions, unless 

otherwise noted. All voltages are referenced to 
GND (0 V). Positive current flows into the 
referenced pin. Available operating 
temperature ranges are: 

■ 0° to + 70°C, 

+ 4.75 V s V cc :S +5.25 V 

■ -40°Cto +85°C, 

+ 4.75 V £ V cc £ +5.25 V 

■ -55° to +125°C, 

+ 4.75 V s V cc s +5.5 V 

The product number for each operating 
temperature range may be found in the 



Ordering Information section. 

All ac parameters assume a load capacitance 
of 100 pF max. Timing references between two 
output signals assume a load difference of 
50 pF max. 




DC 

Charac- 
teristics 


Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 


V,LC 


Clock Input Low Voltage 


-0.3 


+ 0.45 


V 






V,HC 


Clock Input High Voltage 


Vcc-0.6 


+ 5.5 


V 






VlL 


Input Low Voltage 


-0.3 


+ 0.8 


V 






V| H 


Input High Voltage 


+ 2.0 


+ 5.5 


V 






Vol 
Vqh 
Ili 


Output Low Voltage 
Output High Voltage 
Input Leakage Current 


+ 2.4 
-10.0 


+ 0.4 
+ 10.0 


V 
V 
HA 


I OL = 2.0 m A 
Iqh = -250 fiA 
0<Vin<V C c 




h 


3-State Output/Data Bus Input Leakage Current 


-10.0 


+ 10.0 


M A 


0<Vin<V cc 




Ice 


Power Supply Current 




100.0 


mA 


Voh = 1-5V 




bHD 


Darlington Drive Current 


-1.5 


3.8 


mA 


R EX t = 390 fi 




Over spec 


iied temperature and voltage range. 










Capacitance 


Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 




C 

C 1N 
C OUT 


Clock Capacitance 
Input Capacitance 
Output Capacitance 




10 

5 

10 


pF 
pF 
pF 


Unmeasured 
pins returned 
to ground 



Over specilied temperature range; I = 1MH Z 
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APPENDIX C 
Z80A/Z80B COUNTER/TIMER CIRCUIT (CTC) 



28430 

Z80° CTC Counter/ 

Timer Circuit 




Zilog 



Product 
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March 1981 



Features ■ Four independently programmable 

counter/timer channels, each with a 
readable downcounter and a selectable 
16 or 256 prescaler. Downcounters are 
reloaded automatically at zero count. 

■ Three channels have Zero Count/Timeout 
outputs capable of driving Darlington 
transistors. 



Selectable positive or negative trigger 
initiates timer operation. 

Standard Z-80 Family daisy-chain interrupt 
structure provides fully vectored, prioritized 
interrupts without external logic. The CTC 
may also be used as an interrupt controller. 

Interfaces directly to the Z-80 CPU or — for 
baud rate generation — to the Z-80 SIO. 



3 



General The Z-80 CTC four-channel counter/timer 

Description can be programmed by system software for a 
broad range of counting and timing applica- 
tions. The four independently programmable 
channels of the Z-80 CTC satisfy common 
microcomputer system requirements for event 
counting, interrupt and interval timing, and 
general clock rate generation. 

System design is simplified because the CTC 
connects directly to both the Z-80 CPU and the 
Z-80 SIO with no additional logic. In larger 
systems, address decoders and buffers may be 
required. 

Programming the CTC is straightforward: 



each channel is programmed with two bytes; a 
third is necessary when interrupts are enabled. 
Once started, the CTC counts down, reloads 
its time constant automatically, and resumes 
counting. Software timing loops are completely 
eliminated. Interrupt processing is simplified 
because only one vector need be specified; the 
CTC internally generates a unique vector for 
each channel. 

The Z-80 CTC requires a single + 5 V power 
supply and the standard Z-80 single-phase 
system clock. It is fabricated with n-channel 
silicon-gate depletion- load technology, and 
packaged in a 28-pin plastic or ceramic DIP. 
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Functional The Z-80 CTC has four independent counter/ 

Description timer channels. Each channel is individually 
programmed with two words: a control word 
and a time- constant word. The control word 
selects the operating mode (counter or timer), 
enables or disables the channel interrupt, and 
selects certain other operating parameters. If 
the timing mode is selected, the control word 
also sets a prescaler, which divides the system 
clock by either 16 or 256. The time-constant 
word is a value from 1 to 256. 

During operation, the individual counter 
channel counts down from the preset time con- 
stant value. In counter mode operation the 
counter decrements on each of the CLK/TRG 
input pulses until zero count is reached. Each 
decrement is synchronized by the system 
clock. For counts greater than 256, more than 
one counter can be cascaded. At zero count, 
the down- counter is automatically reset with 
the time constant value. 

The timer mode determines time intervals as 
small as 4 /is (Z-80A) or 6.4 /is (Z-80) without 
additional logic or software timing loops. Time 
intervals are generated by dividing the system 
clock with a prescaler that decrements 



a preset down-counter. 

Thus, the time interval is an integral mul- 
tiple of the clock period, the prescaler value 
(16 or 256) and the time constant that is preset 
in the down-counter. A timer is triggered auto- 
matically when its time constant value is pro- 
grammed, or by an external CLK/TRG input. 

Three channels have two outputs that occur 
at zero count. The first output is a zero- 
count/timeout pulse at the ZC/TO output. The 
fourth channel (Channel 3) does not have a 
ZC/TO output; interrupt request is the only 
output available from Channel 3. 

Th e second output is Interrupt Request 
(INT), which occurs if the channel has its 
interrupt enabled during programming. When 
the Z-80 CPU acknowledges Interrupt Request, 
the Z-80 CTC places an interrupt vector on the 
data bus. 

The four channels of the Z-80 CTC are fully 
prioritized and fit into four contiguous slots in 
a standard Z-80 daisy-chain interrupt strnr- 
ture. Channel is the highest priority and 
Channel 3 the lowest. Interrupts can be 
individually enabled (or disabled) for each of 
• the four channels. 



Architecture The CTC has four major elements, as shown 

in Figure 3. 

a CPU bus I/O 

O Channel control logic 

■ Interrupt logic 

3! Counter/timer circuits 

CPU Bus I/O. The CPU bus I/O circuit 
decodes the address inputs, and interfaces the 
CPU data and control signals to the CTC for 
distribution on the internal bus. 



Internal Control Logic. The CTC internal 
control logic controls overall chip operating 
functions such as the chip enaoie, reset, anc; 
read/write logic. 

Interrupt Logic. The interrupt control logic 
ensures that the CTC interrupts interface prop- 
erly with the Z-80 CPU interrupt system. The 
logic controls the interrupt priority of the CTC 
as a function of the IEI signal. If IEI is High, 
the CTC has priority. During interrupt 
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Architecture processing, the interrupt logic holds IEO Low, 
(Continued) which inhibits the interrupt operation on lower 
priority devices. If the IEI input goes Low, 
priority is relinquished and the interrupt logic 
drives IEO Low. 

If a channel is programmed to request an 
interrupt, the interrupt logic driv es IE O Low at 
the zero count, and generates an INT signal to 
the Z-80 CPU. When the Z-80CPU r espond s 
with interrupt acknowledge (Ml and IORQ), 
then the interrupt logic arbitrates the CTC 
internal priorities, and the interrupt control 
logic places a unique interrupt vector on the 
data bus. 

If an interrupt is pending, the interrupt logic 
holds IEO Low. When the Z-80 CPU issues a 
Return From Interrupt (RETI) instruction, each 
peripheral device decodes the first byte 
(EDi6). If the device has a pending interrupt, 
it raises IEO (High) for one Ml cycle. This 
ensures that all lower priority devices can 
decode the entire RETI instruction and reset 
properly. 
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Flgur* 4. Counter/ Tlmar Block Diagram 

Counter/Timer Circuits. The CTC has four 
independent counter/timer circuits, each con- 
taining the logic shown in Figure 4. 

Channel Control Logic. The channel control 
logic receives the 8-bit channel control word 
when the counter/timer channel is pro- 
grammed. The channel control logic decodes 



the control word and sets the following 
operating conditions: 

■ Interrupt enable (or disable) 

■ Operating mode (timer or counter) 

■ Timer mode prescaler factor (16 or 256) 

■ Active slope for CLK/TRG input 

■ Tinier mode trigger (automatic or CLK/TRG 
input) 

■ Time constant data word to follow 

■ Software reset 

Time Constant Register. When the counter/ 

timer channel is programmed, the time con- 
stant register receives and stores an 8-bit time 
constant value, which can be anywhere from 1 
to 256 (0 = 256). This constant is automatic- 
ally loaded into the down-counter when the 
counter/timer channel is initialized, and subse- 
quently after each zero count. 

Prescaler. The prescaler, which is used only 
in timer mode, divides the system clock fre- 
quency by a factor of either 16 or 256. The 
prescaler output clocks the down-counter dur- 
ing timer operation. The effect of the prescaler 
on the down-counter is a multiplication of the 
system clock period by 16 or 256. The pre- 
scaler factor is programmed by bit 5 of the 
channel control word. 

Down-Counter. Prior to each count cycle, the 
down- counter is loaded with the time constant 
register contents. The counter is then 
decremented one of two ways, depending on 

operating mode: 

■ By the prescaler output (timer mode) 

■ By the trigger pulses into the CLK/TRG 
input (counter mode) 

Without disturbing the down-count, the Z-80 
CPU can read the count remaining lat any time 
by performing an I/O read operation at the 
port address assigned to the CTC channel. 
When the down-counter reaches the zero 
count, the ZC/TO outpu: generates a positive- 
going pulse. When the i- irrupt is enabled, 
zero co unt also triggers i,.i interrupt request 
signal (INT) from the ints.rupt logic. 
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Programming Each Z-80 CTC channel must be pro- 
grammed prior to operation. Programming 
consists of writing two words to the I/O port 
that corresponds to the desired channel. The 
first word is a control word that selects the 
operating mode and other parameters; the 
second word is a time constant, which is a 
binary data word with a value from 1 to 256. A 
time constant word must be preceded by a 
channel control word. 

After initialization, channels may be 
reprogrammed at any time. If updated control 
and time constant words are written to a chan- 
nel during the count operation, the count con- 
tinues to zero before the new time constant is 
loaded into the counter. 

If the interrupt on any Z-80 CTC channel is 
enabled, the programming procedure should 
also include an interrupt vector. Only one vec- 
tor is required for all four channels, because 
the interrupt logic automatically modifies the 
vector for the channel requesting service. 

A control word is identified by a 1 in bit 0. 
A in bit 2 indicates a time constant word is to 
follow. Interrupt vectors are always addressed 
to Channel 0, and identified by a in bit 0. 

Addressing. During programming, channels 
are addressed with the channel select pins CSj 
and CS2. A 2-bit binary code selects the 
appropriate channel as shown in the following 
table. 

Channel CSi CSq 
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Reset. The CTC has both hardware and soft- 
ware resets. The hardware reset terminates all 
down-counts and disables all CTC interrupts 
by resetting the interrupt bits in the control 
registers. In addition, the ZC/TO and Interrupt 
outputs go inactive, IEO reflects IEI, and 



D0-D7 go to the high- impedance state. All 
channels must be completely reprogrammed 
after a hardware reset. 

The software reset is controlled by bit 1 in 
the channel control word. When a channel 
receives a software reset, it stops counting. 
When a software reset is used, the other bits in 
the control word also change the contents of 
the channel control register. After a software 
reset a new time constant word must be written 
to the same channel. 

If the channel control word has both bits D\ 
and D2 set to 1 , the addressed channel stops 
operating, pending a new time constant word. 
The channel is ready to resume after the new 
constant is programmed. In timer mode, if 
D3 = 0, operation is triggered automatically 
when the time constant word is loaded. 

Channel Control Word Programming. The 

channel control word is shown in Figure 5. It 
sets the modes and parameters described 
below. 

Interrupt Enable. D7 en ables the interrupt, so 
that an interrupt output (INT) is generated at • 
zero count. Interrupts may be programmed in 
either mode and may be enabled or disabled 
at any time. 

Operating Mode. D6 selects either timer or 
counter mode. 

Prescaler Factor. (Timer Mode Only). D5 

selects factor — either 16 or 256. 

Trigger Slope. D4 selects the active edge or 
slope of the CLK/TRG input pulses. Note that 
reprogramming the CLK/TRG slope during 
operation is equivalent to issuing an active 
edge. If the trigger slope is changed by a con- 
trol word update while a channel is pending 
operation in timer mode, the result is the same 
as a CLK/TRG pulse and the timer starts. 
Similarly, if the channel is in counter mode, 
the counter decrements. 
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Figure 5. Channel Control Word 



Programming Trigger Mode (Timer Mode Only). D3 selects 
(Continued) the trigger mode lor timer operation. When D3 
is reset to 0, the timer is triggered automatic- 
ally. The time constant word is programmed 
during an I/O write operation, which takes one 
machine cycle. At the end of the write opera- 
tion there is a setup delay of one clock period. 
The timer starts automatically (decrements) on 
the rising edge of the second clock pulse (T2) 
of the machine cycle following the write opera- 
tion. Once started, the timer runs contin- 
uously. At zero count the timer reloads 
automatically and continues counting without 
interruption or delay, until stopped by a reset. 

When D3 is set to 1 , the timer is triggered 
externally through the CLK/TRG input. The 
time constant word is programmed during an 
I/O write operation, which takes one machine 
cycle. The timer is ready for operation on the 
rising edge of the second clock pulse (T2) of 
the following machine cycle. Note that the first 
timer decrement follows the active edge of the 
CLK/TRG pulse by a delay time of one clock 
cycle if a minimum setup time to the rising 
edge of clock is met. If this minimum is not 
met, the delay is extended by another clock 
period. Consequently, for immediate trigger- 
ing, the CLK/TRG input must precede T2 by 
one clock cycle plus its minimum setup time. If 
the minimum time is not met, the timer will 
start on the third clock cycle (T3). 

Once started the timer operates contin- 
uously, without interruption or delay, until 
stopped by a reset. 

Time Constant to Follow. A 1 in D2 indicates 
that the next word addressed to the selected 
channel is a time constant data word for the 
time constant register. The time constant word 
may be written at any time. 

A in D2 indicates no time constant word is 
to follow. This is ordinarily used when the 
channel is already in operation and the new 
channel control word is an update. A channel 
will not operate without a time constant value. 
The only way to write a time constant value is 
to write a control word with D2 set. 



Software Reset. Setting Di to 1 causes a soft- 
ware reset, which is described in the Reset 
section. 

Control Word. Setting Do to 1 identifies the 
word as a control word. 

Time Constant Programming. Before a chan- 
nel can start counting it must receive a time 
constant word from the CPU. During program- 
ming or reprogramming, a channel control 
word in which bit 2 is set must precede the 
time constant word to indicate that the next 
word is a time constant. The time constant 
word can be any value from 1 to 256 (Figure 
6). Note that OO16 is interpreted as 256. 

In timer mode, the time interval is controlled 
by three factors: 

■ The system clock period (<£) 

■ The prescaler factor (P), which multiplies 
the interval by either 16 or 256 

■ The time constant (T), which is programmed 
into the time constant register 

Consequently, the time interval is the pro- 
duct of <j) x P x T. The minimum timer resolu- 
tion is 16 x (4 11s with a 4 MHz clock). The 
maximum timer interval is 256x0x256 (16.4 ms 
with a 4 MHz clock). For longer intervals 
timers may be cascaded. 

Interrupt Vector Programming. If the Z-80 
CTC has one or more interrupts enabled, it 
can supply interrupt vectors to the Z-80 CPU. 
To do so, the Z-80 CTC must be pre-pro- 
grammed with the most-significant five bits of 
the interrupt vector. Programming consists of 
writing a vector word to the I/O port cor- 
responding to the Z-80 CTC Channel' 0. Note 
that Do of the vector word is always zero, to 
distinguish the vector from a channel control 
word. Di and D2 are not used in programming 
the vector word. These bits are supplied by 
the interrupt logic to identify the channel 
requesting interrupt service with a unique 
interrupt vector (Figure 7). Channel has the 
highest priority. 
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Figure 6. Time Constant Word 



Figure 7. Interrupt Vector Word 
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Pin CE. Chip Enable (input, active Low). When 

Description enabled the CTC accepts control words, inter- 
rupt vectors, or time constant data words from 
the data bus during an I/O write cycle; or 
transmits the contents of the down-counter to 
the CPU during an I/O read cycle. In most 
applications this signal is decoded from the 
eight least significant bits of the address bus 
lor any of the four I/O port addresses that are 
mapped to the four counter-timer channels. 

CLK. System Clock (input). Standard single- 
phase Z-80 system clock. 

CLK/TRG0-CLK/TRG3. External Clock/Timer 
Trigger (input, user-selectable active High or 
. Low). Four pins corresponding to the four Z-80 
CTC channels. In counter mode, every active 
edge on this pin decrements the down-counter. 
In timer mode, an active edge starts the timer. 

CS0-CS1. Channel Select (inputs active High). 
Two-bit binary address code selects one of the 
four CTC channels for an I/O write or read 
(usually connected to Ao and Ai). 

D0-D7. System Data Bus (bidirectional, 
3-state). Transfers all data and commands 
between the Z-80 CPU and the Z-80 CTC. 




IEI. Interrupt Enable In 'input, active High). 
A High indicates tnat no other interrupting 
devices of higher priority in the daisy chain 
are being serviced by the Z-80 CPU. 

IEO. Interrupt Enable Out (output, active 
High). High only if IEI is High and the Z-60 
CPU is not servicing an interrupt from any 
Z-80 CTC channel. IEO blocks lower priority 
devices from interrupting while a higher 
priority interrupting device is being serviced. 

INT. Interrupt Request (output, open drain, 
active Low). Low when any Z-80 CTC channel 
that has been programmed to enable interrupts 
has a zero-count condition in its down-counter. 



IORQ. Input/Output Request (input from CPU, 
active Low). Used with CE and RD to transfer 
data and channel control words between the 
Z-80 C PU an d the Z-80 CTC. During_a_write 
cycle, IORQ and CE are active and RD 
inactive. The Z-80 CTC does not receive a 
specific write signal; rather, it internally 
gen erates its own from the i nverse oi an ac tive 
RD signal. In a read cycle, IORQ, CE and RD 
are active; the contents of the down -counter 
are read by the Z-80 CPU. If IORQ and Ml are 
both true, the CPU is acknowledging an inter- 
rupt request, and the highest priority inter- 
rupting channel places its interrupt vector on 
the Z-80 data bus. 

Ml. Machine Cycle One (i nput fr om CPU, 
active Low). When Ml and IORQ are active, 
the Z-80 CPU is acknowledging an interrupt. 
The Z-80 CTC then places an interrupt vector 
on the data bus if it has highest priorit y, a nd if 
a channel has requested an interrupt (INT). 

RD. Read Cycle Status (i nput, a ctiv e Lo w). 
Used in conjunction with IORQ and CE to 
transfer data and channel control words 
between the Z-80 CPU and the Z-80 CTC. 



RESET. Reset (input active Low). Terminates 
all down-counts and disables all interrupts by 
resetting the interrupt bits in all control 
registers; the ZC/TO and the Interrupt outputs 
go inactive; IEO reflects IEI; D0-D7 go to the 
high-impedance state. 

ZC/TO -ZC/TO 2 . Zero Count/Timeout (output, 
active High). Three ZC/TO pins corresponding 
to Z-80 CTC channels 2 through (Channel 3 
has no ZC/TO pin). In both counter and timer 
modes the output is an active High pulse when 
the down-counter decrements to zero. 



Flgur* 8. A Typical Z-80 Environment 



Timing Road Cycle Timing. Figure 9 shows read 

cycle timing. This cycle reads the contents of a 
down-counter without disturbing the count. 
During clock cycle T2, the Z-80 CPU initiates a 
read cycle by dr iving the following inputs 
Low: RD, IORQ, and CE. A 2-bit binary code 
at inputs CSj and CSo selects the channel to 
be read. Ml must be High to distinguish this 
cycle from an interrupt acknowledge. No addi- 
tional wait states are allowed. 



latched into the appropriate register with the 
rising edge of clock cycle Twa- ^° edditional 
wait states are allowed. 




Figure 11. Timer Mod* Timing 
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Figure 9. Read Cycle Timing 

Writ© Cycle Timing. Figure 10 shows write 
cycle timing for loading control, time constant 
or vector words. 

The CTC does not have a write signal input, 
so it generates one internally when the read 
(RD) i nput is H igh during Ti. During T2 
IORQ and CE inputs are Low. Ml must be 
High to distinguish a write cycle from an inter- 
rupt acknowledge. A 2-bit binary code at 
inputs CS) and CSo selects the channel to be 
addressed, and the word being written is 
placed on the Z-80 data bus. The data word is 
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Timer Operation. In the timer mode, a 
CLK/TRG pulse input starts the timer (Figure 
11) on the second succeeding rising edge of 
CLK. Th-3 trigger puise is asynchronous, and it 
must have a minimum width. A minimum lead 
time (210 ns) is required between the active 
edge of ihe CLK/TRG and the next rising edge 
of CLK to enable the prescaler on the follow- 
ing clock edge. If the CLK/TRG edqe occurs 
closer than this, the initiation of the timer 
function is delayed one clock cycle. This cor- 
responds to the startup timing discussed in the 
programming section. The timer can also be 
started automatically if so programmed by the 
channel control word. 




Figure 10. Write Cycle Timing 



Figure 12. Counter Mode Timing 

Counter Operation. In the counter mode, the 
CLK/TRG pulse input decrements the down- 
counter. The trigger is asynchronous, but the 
count is synchronized with CLK. For the 
decrement to occur on the next rising edge of 
CLK, the trigger edge must precede CLK by e 
minimum lead time as shown in Figure 12. If 
the lead time is less than specified, the count 
is delayed by one clock cycle. The trigger 
pulse must have a minimum width, and the 
trigger period must be at least twice the clock 
period. 

The ZC/TO output occurs immediately after 
zero count, and follows the rising CLK edge. 
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Interrupt The Z-80 CTC follows the Z-80 system inter- 

Operation rupt protocol for nested priority interrupts and 
return from interrupt, wherein the interrupt 
priority of a peripheral is determined by its 
location in a daisy chain. Two lines — IEI and 
IEO — in the CTC connect it to the system daisy 
chain. The device closest to the + 5 V supply 
has the highest priority (Figure 13). > For addi- 
tional information on the Z-80 interrupt struc- 
ture, refer to the Z-80 CPU Product Specifica- 
tion and the Z-80 CPU Technical Manual. 
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Figure 13. Dalay-Chain Interrupt PrlorlttM 

Within the Z-80 CTC, interrupt priority is 
predetermined by channel number: Channel 
has the highest priority, and Channel 3 the 
lowest. If a device or channel is being serviced 
with an interrupt routine, it cannot be inter- 
rupted by a device or channel with lower 
priority until service is complete. Higher 
priority devices or channels may interrupt the 
servicing of lower priority devices or channels. 

A Z-80 CTC channel may be programmed to 
reguest an interrupt every time its down- 
counter reaches zero. Note that the CPU must 
be programmed for interrupt mode 2. Some 
time after the interrupt reguest, the CPU sends 
an interrupt acknowledge. The CTC interrupt 
control logic determines the highest priority 
channel that is reguesting an interrupt. Then, 
if the CTC IEI input is High (indicating that it 
has priority within the system daisy chain) it 
places an 8-bit interrupt vector on the system 
data bus. The high-order five bits of this vector 



were written to the CTC during the program- 
ming process; the next two bits are provided 
by the CTC interrupt control logic as a binary 
code that identifies the highest priority chan- 
nel reguesting an interrupt; the low-order bit 
is always zero. 

Interrupt Acknowledge Timing. Figure 14 
shows interrupt acknowledge timing. After an 
interrupt reguest, the_Z-80 CPU s ends an inter- 
rupt acknowledge (Ml and IORQ). All chan- 
nels are inhibited from changing their inter- 
rupt reguest status when Ml i s activ e — about 
two clock cycles earlier than IORQ. RD is 
High to distinguish this cycle from an instruc- 
tion fetch. 

The CTC interrupt logic determines the 
highest priority channel reguesting an inter- 
rupt. If the CTC interrupt enable input (IEI) is 
High, the highest priority interrupting channel 
within the CTC pla ces its interrupt vector on 
the data bus when IORQ goes Low. Two wait 
states (T\va) are automatically inserted at this 
time to allow the daisy chain to stabilize. Addi- 
tional wait states may be added. 

Return from Interrupt Timing. At the end of 

an interrupt service routine the RETI (Return 
From Interrupt) instruction initializes the daisy 
chain enable lines for proper control of nested 
priority interrupt handling. The CTC decodes 
the 2-byte RETI code internally and determines 
whether it is intended for a channel being ser- 
viced. Figure 15 shows RETI timing. 

If several Z-80 peripherals are in the daisy 
chain, IEI settles active (High) on the chip 
currently being serviced when the opcode 
EDj6 is decoded. If the following opcode is 
4Di6, the peripheral being serviced is released 
and its IEO becomes active. Additional wait 
states are allowed. 
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Figure 14. Interrupt Acknowledge Timing 



Figure 15. Return From Interrupt Timing 
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APPENDIX D 
Z80A/Z80B CENTRAL PROCESSING UNIT (CPU) 
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F*aturM ■ The instruction set contains 158 instructions. 

The 78 instructions of the 8080A are 
included as a subset; 8080A software com- 
patibility is maintained. 

■ Six MHz, 4 MHz and 2.5 MHz cl akb for the 
Z80B, Z80A, and Z80 CPU result in rapid 
instruction execution with consequent high 
data throughput. 

■ The extensive instruction set includes string, 
bit, byte, and word operations. Block 
searches and block transfers together with 
indexed and relative addressing result in 
the most powerful data handling capabilities 
in the microcomputer industry. 

■ The Z80 microprocessors and associated 
family of peripheral controllers are linked 
by a vectored interrupt system. This system 



may be daisy-chained to allow implemen- 
tation of a priority interrupt scheme. Little, 
if any, additional logic is required for 
daisy-chaining. 

Duplicate sets of both general-purpose 
and flag registers are provided, easing 
the design and operation of system soft- 
ware through single-context switching, 
background-foreground programming, and 
single-level interrupt processing. In addi- 
tion, two 16-bit index registers facilitate 
program processing of tables and arrays. 

There are three modes of high speed inter- 
rupt processing: 8080 compatible, non-Z80 
peripheral device, and Z80 Family 
peripheral with or without daisy chain. 

On-chip dynamic memory refresh counter. 
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General The Z80, Z80A, and Z80B CPUs are third- 

Description generation single-chip microprocessors with 
exceptional computational power. They offer 
higher system throughput and more efficient 
memory utilization than comparable second- 
and third-generation microprocessors. The 
internal registers contain 208 bits of read/write 
memory that are accessible to the programmer. 
These registers include two sets of six genera 1- 
purpose registers which may be used 
individually as either 8-bit registers or as 
16-bit register pairs. In addition, there are two 
sets of accumulator and flag registers. A group 
of "Exchange" instructions makes either set of 
main or alternate registers accessible to the 
programmer. The alternate set allows operation 
in foreground-background mode or it may 



be reserved for very fast interrupt response. 
The Z80 also contains a Stack Pointer, Pro- 
gram Counter, two index registers, a Refresh 
register (counter), and an Interrupt register. 
The CPU is easy to incorporate into a system 
since it reguires only a single + 5 V power 
source, all output signals are fully decoded 
and timed to control standard memory or 
peripheral circuits, and is supported by an 
extensive family of peripheral controllers. The 
internal block diagram (Figure 3) shows the 
primary functions of the Z80 processors. 
Subseguent text provides more detail on the 
Z80 I/O controller family, registers, instruction 
set, interrupts and daisy chaining, and CPU 
timing. 
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Z80 Micro- The Zilog Z80 microprocessor is the central 

processor element oi a comprehensive microprocessor 

Family product family. This family works together in 

most applications with minimum requirements 
for additional logic, facilitating the design of 
efficient and cost-effective microcomputer- 
based systems. 

Zilog has designed five components to pro- 
vide extensive support for the Z80 micro- 
processor. These are: 

■ The PIO (Parallel Input/Output) operates in 
both data-byte I/O transfer mode (with 
handshaking) and in bit mode (without 
handshaking). The PIO may be config- 
ured to interface with standard parallel 
peripheral devices such as printers, 

tape punches, and keyboards. 

■ The CTC (Counter/Timer Circuit) features 
four programmable 8-bit counter/timers, 



each of which has an 8- bit prescaler. Each 
of the four channels may be configured to 
operate in either counter or timer mode. 

The DMA (Direct Memory Access) con- 
troller provides dual port data transfer 
operations and the ability to terminate data 
transfer as a result of a pattern match. 

The SIO (Serial Input/Output) controller 
offers two channels. It is capable of 
operating in a variety of programmable 
modes for both synchronous and asyn- 
chronous communication, including 
Bi-Synch and SDLC. 

The DART (Dual Asynchronous Receiver/ 
Transmitter) device provides low cost 
asynchronous serial communication. It has 
two channels and a full modem control 
interface. 
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Z80 CPU Figure 4 shows three groups of registers 

Registers within the Z80 CPU. The first group consists of 

duplicate sets of 8-bit registers: a principal set 
and an alternate set (designated by ' [prime], 
e.g., A'). Both sets consist of the Accumula- 
tor Register, the Flag Register, and six 
general-purpose registers. Transfer of data 
between these duplicate sets of registers is 
accomplished by use of "Exchange" instruc- 
tions. The result is faster response to interrupts 
and easy, efficient implementation of such ver- 
satile programming techniques as background- 



foreground data processing. The second set of 
registers consists of six registers with assigned 
functions. These are the I (Interrupt Register), 
the R (Refresh Register), the IX and IY (Index 
Registers), the SP (Stack Pointer), and the PC 
(Program Counter). The third group consists of 
two interrupt status flip-flops, plus an addi- 
tional pair of flip-flops which assists in identi- 
fying the interrupt mode at any particular 
time. Table 1 provides. further information on 
these registers. 
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Z80CPU 
Register* 

(Continued) 
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Register 


Slse (Bits) 


A. A' 


Accumulator 
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f, r 


Flags 
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B, B' 


General Purpose 
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c.c 


General Purpose 
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D.V 


General Purpose 
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E. E' 


General Purpose 
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H, H' 


General Purpose 
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L,L' 


General Purpose 


8 



I Interrupt Register 

R Refresh Register 



IX 


Index Register 


16 


IY 


Index Register 


16 


SP 


Stack Pointer 


16 


PC 


Program Counter 


16 


IFF,-IFF 2 


Interrupt Enable 


Flip-Flops 


IMFa-IMFb 


Interrupt Mode 


Flip-Flops 



Remarks 

Stores an operand or the results of an operation. 

See Instruction Set. 

Can be used separately or as a 16-bit register with C. 

See B, above. 

Can be used separately or as a 16-bit register with E. 

See D, above. 

Can be used separately or as a 16-bit register with L. 

See H, above. 

Note: The (B,C), (D,E), and (H,L) sets are combined as follows: 
B — High byte C — Low byte 
D — High byte E — Low byte 
H — High byte L — Low byte 

Stores upper eight bits of memory address for vectored interrupt 
processing. 

Provides user-transparent dynamic memory refresh. Automatically 
incremented and placed on the address bus during each 
instruction fetch cycle. 

Used for indexed addressing. 

Same as IX, above. 

Stores addresses or data temporarily. See Push or Pop in instruc- 
tion set. 
Holds address of next instruction. 
Set or reset to indicate interrupt status (see Figure 4). 
Reflect Interrupt mode (see Figure 4). 



Table 1. Z80 CPU Registers 



Interrupts: Th e C PU a ccept s two interrupt input signals: 

General NMI and INT. The NMI is a non-maska ble 

Operation interrupt and has the highest priority. INT is a 
lower priority interrupt since it requires that 
interrupts be e nable d i n so ftware in order to 
operate. Either NMI or INT can be connected 
to multiple peripheral devices in a wired-OR 
configuration. 

The Z80 has a single response mode for 
interrupt service for the non- mask able inter- 
rupt. The maskable interrupt, INT, has three 
programmable response modes available. 
These are: 

■ Mode — compatible with the 8080 micro- 
processor. 



■ Mode 1 — Peripheral Interrupt service, for 
use with non-8080/Z80 systems. 

■ Mode 2 — a vectored interrupt scheme, 
usually daisy- chained, for use with Z80 
Family and compatible peripheral devices. 

Th e C PU s ervices interrupts by sampling the 
NMI and INT signals at the rising edge of the 
last clock of an instruction. Further interrupt 
service processing depends upon the type of 
interrupt that was detected. Details on inter- 
rupt responses are shown in the CPU Timing 
Section. 



Interrupts: Non-Maskable Interrupt (NMI). The non- 
General maskable interrupt cannot be disabled by pro- 
Operation gram control and thoivlo re w ill be accepted at 
(Continued) at all times by the CPU. FJM1 is usually 

reserved lor servicing only the highest priority 
type interrupts, such as that for orderly shut- 
down after power failur e has been detected. 
After rec ognition of the NMI signal (providing 
BUSREQ is not active), the CPU jumps to 
restart location 0066H. Normally, software 
starting at this address contains the interrupt 
service routine. 

Maskable Interrupt (INT). Regardless of the 
interrupt mode set by the user, the Z80 
response to a maskable interrupt input follows 
a common timing cycle. After the interrupt has 
been detected by the CPU (provided that 
interrupts are enabled and BUSREQ is not 
active) a special interrupt proc essi ng cycle 
begins . This is a special fetch (Ml) cycle in 
which IQRQ becomes active rather than 
MREQ, as in_a normal Ml cycle. In addition, 
this sp ecial M l cycle is automatically extended 
by two WAIT states, to allow for the time 
required to acknowledge the interrupt request 
and to place the interrupt vector on the bus. 

Mode Interrupt Operation. This mode is . 
compatible with the 8080 microprocessor inter- 
rupt service procedures. The interrupting 
device places an instruction on the data bus, 
which is then acted on six times by the CPU. 
This is normally a Restart Instruction, which 
will initiate an unconditional jump to the 
selected one of eight restart locations in page 
zero of memory. 

Mode 1 Interrupt Operation. Mo de 1 o per- 
ation is very similar to that for the NMI. The 
principal difference is that the Mode 1 inter- 
rupt has a vector address of 0038H only. 

Mode 2 Interrupt Operation. This interrupt 
mode has been designed to utilize most effec- 
tively the capabilities of the Z80 microproc- 
essor and its associated peripheral family. The 
interrupting peripheral device selects the 
starting address of the interrupt service 
routine. It does this by placing an 8-bit 
address vector on the data bus during the 
interrupt acknowledge cycle. The high-order 
byte of the interrupt service routine address is 
supplied by the I (Interrupt) register. This flex- 
ibility in selecting the interrupt service routine 
address allows the peripheral device to use 
several different types of service routines. 
These routines may be located at any available 



location in memory. Since the interrupting 
device supplies the low-order byte of the 
2-byte vector, bit (Ay) must be a zero. ■ 

Interrupt Priority (Daisy Chaining and 
Nested Interrupts). The interrupt priority of 
each peripheral device is determined by its 
physical location within a daisy-chain config- 
uration. Each device in the chain has an inter- 
rupt enable input line (IEI) and an interrupt 
enable output line (IEO), which is fed to the 
next lower priority device. The first device in 
the daisy chain has its IEI input hardwared to 
a High level. The first device has highest 
priority, while each succeeding device has a 
corresponding lower priority. This arrange- 
ment permits the CPU to select the highest 
priority interrupt from several simultaneously 
interrupting peripherals. 

The interrupting device disables its IEO line 
to the next lower priority peripheral until it has 
been serviced. After servicing, its IEO line is 
raised, allowing lower priority peripherals to 
demand interrupt servicing. 

The Z80 CPU will nest (queue) any pending 
interrupts or interrupts received while a 
selected peripheral is being serviced. 

Interrupt Enable/Disable Operation. Two 

flip-flops, IFFi and IFF2, referred to in the 
register description are used to signal the CPU 
interrupt status. Operation of the two flip-flops 
is described in Table 2. For more details, refer 
to the Z80 CPU Technical Manual and Z80 
Assembly Language Manual. 



Action 



IFF] 1FF 2 Comment! 



CPU Reset 



DI instruction 
execution 

EI instruction 
execution 

LD A, I instruction 
execution 

LD A,R instruction 
execution 

Accept NMI 



RETN instruction 
execution 



IFF 2 



Mask able interrupt 
INT disabled 

Mask able interrupt 

INT disabled 

1 Mask able interrupt 

INT enabled 

• !FF2 — Parity flag 

• IFF 2 - Parity flag 

IFFj IFFi - IFF 2 

(Mas kabl e inter- 
rupt INT disabled) 

IFF 2 - IFF! at 
comp letion of an 
NMI service 
routine. 
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Instruction The Z80 microprocessor has one of the most 

Set powerful and versatile instruction sets 

available in any 8-bit microprocessor. It 
includes such unique operations as a block 
move for fast, efficient data transfers within 
memory or between memory and I/O. It also 
allows operations on any bit in any location in 
memory. 

The following is a summary of the Z80 
instruction set and shows the assembly 
language mnemonic, the operation, the flag 
status, and gives comments on each instruc- 
tion. The Z80 CPU Technical Manual 
(03-0029-01) and Assembly Language 
Programming Manual (03-0002-01) contain 
significantly more details for programming 
use. 

The instructions are divided into the 
following categories: 

□ 8-bit loads 
D 16-bit loads 

D Exchanges, block transfers, and searches 

□ 8-bit arithmetic and logic operations 

D General-purpose arithmetic and CPU 
control . 



D 16-bit arithmetic operations 

O Rotates and shifts 

D Bit set, reset, and test operations 

D Jumps 

D Calls, returns, and restarts 

D Input and output operations 

A variety of addressing modes are 
implemented to permit efficient and fast data 
transfer between various registers, memory 
locations, and input/output devices. These 
addressing modes include: 

D Immediate 

□ Immediate extended 

□ Modified page zero 

□ Relative 

□ Extended 
D Indexed 
D Register 

□ Register indirect 

□ Implied 

□ Bit 
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(DE), increment 
the pointer* and 
decrement the byt 
counter (BC) 


5 


21 


II BC * 


4 


16 


II BC =0 



NOTE: ©P'Vliagi.OlIt 



null o! BC-1 =0. olher. 



Exchange. 




Symbolic 






Flag* 






Opcode 


No.oi 


N0.0I M No.oi T 




Block 


MbmobIc 


Operation 3 


Z 




H 


r/r 


H 


c 


n as no He* ; 


■ytea 


Cyelot 


StatM 


Ci— menu 


Transfer, 





























Block Search 


LDD 


(DE) - (HL) 
DE - DE-1 


• 


X 





X 1 





• 


11 101 101 ED 
10 101 000 A8 


2 


4 


16 




Groups 




HL - HL-1 
























(Continued) 




BC - BC-1 


























LDDR 


(DE) - (HL) 
DE-DE-1 
HL-HL-1 
BC - BC-1 
Repeat until 
BC - 


© 


X 





X 

© 







11 101 101 ED 
10 111 000 Bo- 


2 
2 


5 

4 


21 
16 


II BC # 
IfBC = 




CPI 


A - (HL) t 
HL - HL+1 
BC - BC-1 


1 
© 


X 


1 


X 1 

© 


1 


* 


ll 101 101 ED 
10 100 001 Al 


2 


4 


16 






CPIR 


A - (HL) 1 

HL- HL+1 
BC - BC-1 
Repeat until 
A -= (HL) or 
BC = 


1 
© 


X 


I 


X 1 

© 


1 


• 


11 101 101 ED 

io no ooi bi 


2 
2 


5 
4 


21 
16 


If BC # and 
A * (HL) 

II BC - or 
A - (HL) 




CPD 


A - (HL) t 

HL-HL-1 

BC - BC-1 


1 
© 


X 


1 


X 1 

© 


1 




11 101 101 ED 
10 101 001 A9 


2 


4 


16 






CPDR 


A - (HL) 1 

HL - HL-1 
BC - BC-1 
Repeat until 
A - (HL) or 
BC - 


t 


X 


1 


X 1 


1 


• 


11 101 101 ED 
10 HI 001 B9 


2 
2 


5 
4 


21 
16 


II BC * and 
A # (HL) 

If BC - or 
A = (HL) 




NOTES: P/V IUg is il the mult ol BC - 1 • 


0. otherwise P/V • 1. 


















(2) Z flag >■ 1 If A - (HL). otherwise Z ■ 


> 0. 






















8-Bit 


ADD A. r 


A - A + r 1 


1 


X 


1 


X V 





1 


lOgRJ r 


1 


1 


4 


r Reg. 


Arithmetic 


ADD A. n 


A - A + n 1 


1 


X 


1 


X V 





1 


UlTOllO 


2 


2 


7 


000 B 


and Logical 


















— n — 








001 C 
010 D 


Group 


ADD A. (HL) 


A - A + (HL) I 


1 


X 


1 


X V 





1 


10TO110 


1 


2 


7 


Oil E 




ADDA, (IX + 


d) A - A + (IX + d) 1 


1 


X 


1 


X V 





1 


11 011 101 DD 

io Egg 110 

- d - 


3 


5 


19 


100 H 

101 L 
HI A 




ADDA. (IY + 


d)A-A + (IY + d) 1 


1 


X 


1 


X V 





1 


11 HI 101 FD 

ioKBoIiio 

- d - 


3 


5 


19 






ADC A, • 


A-A + i + CY 1 


1 


X 


1 


X V 





1 


iron 








s is any of r, n. 




SUB a 


A-A-s 1 


1 


X 


1 


X V 


1 


1 


pig 








(HL). (IX + d), 
(IY + d) as shown 




SBC A. i 


A-A-i-CY 1 


1 


X 


t 


X V 


1 


1 


ism 








for ADD instruction. 




AND s 


A - A A s 1 


1 


X 


1 


X P 








tram 








The indicated bits 




OR s 


A - A v ■ | 


1 


X 





X P 








tiTol 








replace the 10001 in 
the ADD set above. 




XOR< 


A - A • • 1 


1 


X 





X P 








noi 












CP« • 


A-s l 


1 


X 


1 


X V 


1 


1 


rrm 












INCr 


r - r + 1 t 


1 


X 


1 


X V 





• 


00 r EE3 


1 


1 


4 






INC (HL) 


(HL)-(HU+1 1 


1 


X 


1 


X V 





• 


00 noflTOI 


1 


3 


11 






INC (IX+d) 


(IX + d)- t 

(IX + d) + l 


1 


X 


1 


X V 





' 


11 011 101 DD 
00 llOlTCol 
- d - 
11 111 101 FD 


3 


6 


23 






INC(IY + d) 


(IY + d)- 1 


1 


X 


1 


X V 





. 


3 


6 


23 








(IY + d) + l 














oo uoircoi 

- d - 

rum 












DECm 


m — m- 1 1 


1 


X 


1 


X V 


1 


. 








m is any of r. (HL), 



(IX + d), (IY + d) 
as shown for INC. 
DEC same format 
and state s as I NC. 
Replace Q3§ with 
IIOII In opcode. 



2001-001 



Gonoral- 




fjrTrrrT 








n-ji 








Opoeda 




»W-W 


■mIM ftfeaJT 






PurpoM 
AriUunotic 


Ml !■!■!■ 


OfWMllB 
















c 


MMUIlai 


•k-j 


Caaba 


■satee 


TiMia-H 




DAA 


Corraarei sou. corstanl 
Into packed BCD 


1 


1 


X 


• 


X 


p 


• 


1 


00 100 111 


37 


i 


1 


4 


Decimal adjust 
accumulator. 




caid 




following add or 
































CPU Control 




subtract with pecked 
BCD operands. 
































Groups 


CPL 


A-X 




• 


X 


1 


X 




1 


• 


00 101 111 


2F 


i 


1 


4 


Ccmpwnanl 
accumulator (ona'i 
complainant). 






NEG 


A-0 - A 


1 


1 


X 


1 


X 


V 


1 


1 


11 101 101 
01 000 100 


ED 
44 


2 


2 


8 


Negate ace. (two's 
complainant). 






CCF 


CY-57 


• 


• 


X 


X 


X 


• 





1 


00 111 111 


3F 


1 


1 


4 


Complainant carry 
Hag. 






SCF 


CY- 1 


• 


• 


X 





X 


• 





1 


00 110 111 


37 


1 


1 


4 


Sat carry Hag. 






NOP 


No operation 


• 


• 


X 


• 


X 


• 


• 


• 


00 000 000 


00 


1 


1 


4 








HALT 


CPUtullad 


• 


• 


X 


• 


X 


• 


• 


• 


oi no no 


78 


1 


1 


4 








DI* 


IFF-0 


• 


• 


X 


• 


X 


• 


• 


• 


n no on 


F3 


1 


1 


4 








a* 


IFF- 1 


• 


• 


X 


• 


X 


• 


• 


• 


n in on 


FB 


1 


1 


4 








MO 


Sat lntarrupl 
modeO 


• 


• 


X 


• 


X 


• 


• 


• 


11 101 101 

oi ooo no 


ED 
46 


2 


2 


8 








Ml 


Sat tntarrupt 
moda 1 


• 


• 


X 


• 


X 


• 


• 


• 


11 101 101 

oi oio no 


ED 
56 


2 


2 


8 








IM2 


Sat Inlarnipt 
moda 2 


• 


• 


X 


• 


X 


• 


• 


• 


11 101 101 

oi on no 


ED 
5E 


2 


2 


8 








NOTE: OT macaies the interrupt enable llip-llop 






























CT wdlcsm Mm carry Hip-Hop. 






























M 




• Indmna interrupts ere nol seaipled at 


the end ol EI 


dtIH 




















S 


16-Bit 


ADD HL. M 


HL- HL*M 


. 


• 


X 


X 


X 


• 





1 


00 Ml 001 




1 


3 


11 


n Rag. 


3 

a 


Arithmetic 


ADC HL. n 


HL- HL*as*CY 


1 


1 


X 


X 


X 


V 





1 


II 101 101 


ED 


2 


4 


IS 


00 BC 

01 DE 


Group 






















01 ssl 010 










10 HL 

11 SP 






SBC HL. a 


HL- HL-sa-CY 


1 


' 


X 


X 


X 


V 


1 


t 


11 101 101 
01 mO 010 


ED 


2 


4 


IS 








ADD IX. pp 


IX - IX + pp 






X 


X 


X 


• 





1 


n on 101 

01 ppl 001 


DD 


2 


4 


IS 


pp By?- 

00 BC 

01 DE 
"10 IX 

11 SP 






ADD IY. rr 


IY - IY ♦ rr 


• 




X 


X 


X 







1 


11 111 101 
00 rrl 001 


FD 


2 


4 


15 


rr Re>j. 
66 EC 
01 VZ 

10 IY 

11 SP 






INCm 


M - IS ♦ 1 


• 


• 


X 


• 


X 


• 




• 


00 mOOII 




1 


1 


6 








INC IX 


IX - IX ♦ 1 


• 


• 


X 


• 


X 


• 




• 


ii on io) 
oo ioo on 


DD 
23 


2 


2 


10 








1NC1Y 


IY - IY ♦ 1 


• 


* 


X 


• 


X 


• 




• 


11 111 101 

oo ioo on 


FD 

23 


2 


2 


10 








DECn 


u — ss- 1 


• 


• 


X 


• 


X 


• 




• 


oo ui on 




1 


1 


6 








DEC IX 


IX- IX- 1 


• 


* 


X 


• 


X 


• 




• 


n on 101 
oo 101 on 


DD 
2B 


2 


2 


10 








DECIY 


IY - IY- 1 


* 


* 


X 


• 


X 


■ 


■ 


■ 


11 111 101 

oo ioi on 


FD 
2B 


2 


' 


10 







NOTES: n is any ol lh« register pain BC. IjE. HI. SP. 
pp if any ol Ihc register pain BC. DE. IX. SP. 
rr u any ol Ihe regular pain BC. DE. IY. SP. 



Rotate and 

Shift Group BLCA 



RLA 

RRCA 

RRA 



a X X • l 00000 111 07 

• X X • I 00 010 111 17 

• X X • I 00 001 111 OF 



RLCr 


RLC (HL) 


RLC(IX*d) 


RLCOY + d) 



RLm 
RRCm 



A 

»- r^TT -L[c71 

A 

L- l y Q | fETLJ a . X X • I 00 011 111 IF 

A 

I I X X P I 11 001 Oil CB 

00 000 r 

i i x o x p o i n ooi on cb 
oo ooo no 

, [cyI-J- TTZ— 'H i i X X'P l 11 Oil 101 DD 
r.(HU(IX*d).(IY + d) II 001 Oil CB 

- d - 

oo ooo no 

I I X X P I 11 111 101 FD 

n ooi on cb 

- d - 

^ . 00 000 110 

LQJU 1 y q~L J , , x X P I 010 

mar.(HL).(lX + d).(IY*d> 

L j y o r -LfcTl | | X X P I 001 

ma>r.(HL).(lX + d).(lY + d) 



Rotata lalt circular 
accumulator. 



Rolaln lalt 
accumulator. 



Rotata right circular 
accumulator. 



Rotata right 

ulator. 



Rotate lei! circular 

irey liter r. 
r Reg . 

000 B 

001 C 



010 

on 



100 H 

101 L 



Instruction lormat 
and states are as 
shown lor RLCs. 
To lorm new 
opcode replace 
OOO or RLCs 
with shown code. 



2001001 



Rotate and 
Shift Group 

(Continued) 



Symbolic 
Operation 



Flogs Opcodo Moitffl 

H P/T N C 71 S43 110 Bra >ytaa 



Crew* •*■*•* 



RR m 
SLA m 
SRA m 
SRLm 
RLD 

RRD 



* H ' — ° I — -T^P I I X X P I 
m-r.(HL).(IX + d).(IY + d) 



[c7] 1 t oH , | x X P I 

m-r.(HL).(IX + d).(IY + d) 



CJ _. T ~"' 1 — ^ I I X X P i 

m-r.(HL).(IX + d).(IY + d) 



° H 7 — '' 1 HZ] I I X X P I 

m-r.(HL).(lX+d).(IY + d) 



|?-«[3-o| LZ j-.* I » 7 ° I I I X X P 



loin 



[toil 









11 101 101 
01 101 111 


ED 
6F 



l 7 - , l ] -"l |'-«|3-o| | | X X P • II 101 101 ED 

. ' , H ,, ' 01 100 111 67 



Rotate digit left and 
right between 
the accumulator 
and location (HL) 

The content ol the 
upper half of 
the accumulator it 
unaffected 



Bit Set, Reset bit b. r 

and Test 

Group 



z-7 b 

BIT b. (HL) Z - (HL)b 
BITb, (IX + d) b Z- (IxTd)b 



BITb, (IY + d) b Z- (lY + d) b 



SET b, r r b - 1 

SET b. (HL) (HL)b - 1 

SET b. (IX + d) (IX + d)b - 1 

SETb. (lY + d) (IY + d) b - 1 



RES b. m mb - 

m ■ r. (HL), 
(IX + d). 
(IY + d) 



X 1 


1 X 1 


1 X 


X 





• 


11 001 011 CB 
01 b r 


2 


X 1 


1 X 1 


1 X 


X 





• 


11 001 011 CB 
01 b 110 


2 


X 1 


1 X 1 


1 X 


X 





• 


11 011 101 DD 
11 001 011 CB 
- d - 
01 b 110 


4 


X 1 


1 X 1 


1 X 


X 





• 


11 HI 101 FD 
11 001 OH CB 
- d - 
01 b 110 


4 



r Reg. 

0M B 

001 c 

010 D 

011 E 

100 H 

101 L 
HI A 

b Bit Teited 

000 

001 1 
010 2 
Oil 3 
100 4 
101' 5 

110 6 

111 7 



X • X 
X • X 
X • X 



11 001 Oil CB 
(ED b r 

11 001 Oil CB 
03 b 110 

11 Oil 101 DD 

ii ooi on cb 

- d - 
Q3 b 110 

11 111 101 FD 
11 001 Oil CB 

- d - 

Q3 b no 



To lorm new 
opcode replace 
[Tj] of SET b. i 
with |J5|. Flags 
and time itates for 
SET instruction. 





NOTES: The 


notation m^ indicate! 


! bil b (0 lo 7) c 


>r location 


m . 
























Jump 


IPnn 


PC - nn 




. 


• X 


. 


X 


. 


. 


. 


11 000 011 


C3 


3 


3 


10 






Group 


IP cc, nn 


If condition cc is 




• X 


• 


X 




. 




— n — 

— n — 
11 cc 010 




3 


3 


10 


cc 


Condition 




000 


NZ non-zero 






true PC - nn, 


















— n — 










001' 


Z xero 






otherwise 


















— n — 










010 


NC non-carry 






continue 




























on 

100 
101 

no 


C carry 
PO parity odd 
PE parity even 
P sign positive 




IRe 


PC - PC + e 




* 


• X 


• 


X 


• 


• 


• 


00 011 000 
- e-2 - 


18 


2 


3 


12 


in 


M sign negative 




IRC, e 


II C = 0. 




• 


• X 


• 


X 


• 


• 


• 


00 111 000 


38 


2 


•2 


7 


If condition not met. 






continue 


















- e-2 - 


















IIC = 1, 






















2 


3 


12 


II condition is met. 






PC- PC + e 


































JR NC, e 


BC - 1. 




• 


• X 


• 


X 


• 


• 


• 


00 110 000 


30 


2 


2 


7 


If condition not met. 






continue 


















- e-2 - 












"i 






II C = 0, 






















2 


3 


12 


If condition is met. 






PC - PC + e 


































IPZ. e 


II Z = 




• 


• X 


• 


X 


• 


• 


• 


00 101 000 


28 


2 


2 


7 


If condition not met. 






continue 


















- e-2 - 


















II Z = 1. 






















2 


3 


12 


If condition is met. 






PC - PC + e 


































IR NZ. e 


HZ » 1, 




• 


• X 


• 


X 


• 


• 


• 


00 100 000 


20 


2 


2 


7 


If condition not met. 






continue 


















- e-2 - 


















II Z = 0, 






















2 


3 


12 


II condition is met. 






PC - PC + e 


































IP (HL) 


PC- HL 




* 


• X 


• 


X 


• 


• 


• 


11 101 001 


E9 


1 


1 


4 








JP (IX) 


PC- IX 






• X 




X 








ii on 101 

11 101 001 


DD 
E9 


2 


2 


8 







2001001 



Jump Group 

(Continued) 



n»dY) 

DJNZ.e 



■yafcaUa 



rv** 



nmtUtUm By— Cydee fttatoa 



PC-IY 

B-B-l 
UB - 0. 
continue) 
UB#0. 
PC-PC*« 



II III 101 FD 
II 101 001 t» 
00 010 000 10 
- e-2r- 



UB #0. 



NOTES: • lepreainti Um extension In the relative addressing boo*. 

• Is s signed two's complement number In the range < - 136. 139 >. 

• -2 In the opcode pr ov id es — allsctlvs i ild ia— ol pc ♦ a as PC Is tin le w e n te J 

br 2 prior to the addition ol e. 



Call and call nn 

Roturn Group 



(SP-D-PCh 
(SP-2) - PCl 
PC - nn 



CALL cc, nn 11 condition 
cc is tales 
continue, 
otherwise nmi 
CALLnn 



11 001 101 


CD 


3 


5 


17 




— n — 












— n — 












11 cclOO 




3 


3 


10 


If cc Is tales. 


— n — 












— n — 




3 


5 


17 


U cc is true. 



RET 
RETcc 



RETI 
RETNl 



RSTp 



PC L - (SP) 
PCh-(SP*1) 

II condition 
cc is false 
contlniM, 
otherwiM 

RET 

Return Irom 
interrupt 
Return from 
non-maskable 
interrupt 

(SP-I)-PCh 
(SP-2) -PCl 
PCh-O 
PCl-P 



X • X 
X • X 



• .• X • X 

• • X • X 



11 001 001 C9 1 

11 ccOOO 1 

1 



11 101 101 ED 

01 001 101 4D 

11 101 101 ED 

01 000 101 45 



II cc U true. 

cc Condition 

000 NZ non-iero 

001 Z tero 

010 NC non-cerrr . 
01) C carry 

100 PO parity odd 

101 PE parity even 

1 10 P tign positive 

I I I M ugn negative 

t P 



001 0BH 

010 10H 

01 1 18H 

100 20H 

101 28H 

110 XH 

111 3BH 



NOTE: 'RETN loaos IFF? - IFF] 



a 



Input and in a. (n> 

Output Group Wr(C) 



OUT (n). A 
OUT (C). r 



A-(n) 

r-tC) 

il r = 1 10 only the 

flsgi will be afiected 

(HL) - (C) 
B - B-l 
HL - HL ♦ 1 
(HL) - (C) 
B - B-l 
HL - HL ♦ 1 
Repeat until 
B - 

(HL) - (C) 
B-B-l 
HL - HL-I 
(HL) - (C) 
B - B-l 
HL- HL-1 
Repeat until 
B » 
(n)- A 

(C) - r 



(C) - (HL) 
B - B-l 
HL - HL + 1 
(C) - (HL) 
B - B-l 
HL - HL + 1 
Repeat until 
B • 

(C) - (HL) 
B-B-l 
HL - HL-1 



• • X • 

I I X I 

© 

X I X X 



Q 

X I X X 



© 

X I X X X X 1 
X 1 X X X X 1 



© 

X I X X X 



u on on 

— n — 
11 101 101 
01 r 000 


DB 
ED 


2 
2 


3 
3 


11 
12 


n to Ao - A7 
Ace. to Ae - A)s 
C to Ao - A7 
Bio As - A15 


11 101 101 
10 100 010 


ED 
A2 


2 


4 


16 


C to Ao - A7 
B to As - A15 


11 10) 101 

io no oio 


ED 
B2 


2 
2 


5 
(II B#0) 

4 
(IIB-0) 


21 
16 


C to Ao - A7 
B to As - A15 


11 101 101 ED 
10 10! 0)0 AA 


2 


4 


16 


C to Ao - A7 
Bto A8 - A15 


11 101 101 
10 111 010 


ED 
BA 


2 
2 


5 
(II B*0> 

4 
(IIB-0) 


21 
■6 


C to Ao - A7 
Bto As - A15 


11 010 011 
— n — 
11 101 101 
01 r 001 


D3 
ED 


2 
2 


3 

3 


11 
12 


n to Ao - A7 
Ace. to As - A(5 
C to Ao - A7 
B to Ae - A15 


11 101 101 
10 100 011 


ED 
A3 


2 


4 


16 


C to Ao - A7 
Bto As - Ais 


11 101 101 

io no on 


ED 
B3 


2 
2 


5 
(IIB*0) 

4 
(II B = 0) 


21 

16 


C to Ao - A7 
B to As - A15 


11 101 101 
10 101 011 


ED 
AB 


2 


4 


16 


C to Ao - A7 
Bto Ae - A15 



NOTE: Q II lha mult ol B - 1 11 uro the Z Hag ■• Ml. olherwiM H 11 met. 



2001-001 



Input and 




Symbolic 










Flag* 






Opcode No.oi Ho.oJ M No.ei T 


Output Group 


Mnemonic 


OperatlM 




8 


z 




H 




P/V 


If c 


n MS 110 He* Byte* Cycles State. Comment! 


(Continued) 


OTDH 


(C) - (HL) 
B - B-1 
HL -HL-1 
Repeat until 
B - 




) 


1 


X 


X 


X 


X 


1 • 


11 101 101 ED 2 5 21 CtoAo - A 7 

10 HI 01! (IIB#0) BtoAa - A) 5 

2 4 16 

(IIB-0) 


Summary of 






Dt 














DO 




Flag 


Inetructloa 




8 


z 




H 




P/V 


N 


c 


Commeati 


Operation 


ADD A. •; ADC A. • 


1 


1 


X 


1 


X 


V 







8-bit add or add with carry. 


SUB •; SBC A. 


•; CP •; NEG 


1 


1 


X 


1 


X 


V 


1 




8-bit lubtract, subtract with carry, compare and negate accumulator. 




ANDi 




t 


1 


X 


1 


X 


p 





S) 






OR (. XOR • 




1 


1 


X 





X 


p 





Logical operations. 




INCi 




1 


1 


X 


1 


X 


V 







8-bit increment. 




DEC* 




1 


1 


X 


1 


X 


V 


1 




8-bit decrement. 




ADD DD. m 




* 


• 


X 


X 


X 


• 







16-bit add. 




ADC HL. u 




1 


1 


X 


X 


X 


V 







16-bit add with carry. 




SBC HL. u 




1 


1 


X 


X 


X 


V 


1 




16-bit subtract with carry. 




RLA, RLCA. RRA; RRCA 


• 


• 


X 





X 


• 







Rotate accumulator. 




RL m; RLC m; 


RRm; 


1 


1 


X 





X 


p 







Rotate and shift locations. 




RRC m; SLA 


m; 






















SRA m; SRL 


m 






















RID: RRD 




1 


1 


X 





X 


p 







Rotate digit lelt and right. 




DAA 




1 


1 


X 


1 


X 


p 


• 




Decimal adjust accumulator. 




CPL 




• 


• 


X 


1 


X 


• 


1 




Complement accumulator. 




SCF 




• 


• 


X 





X 


• 







Set carry. 




CCF 




• 


• 


X 


X 


X 


• 







Complement carry. 




IN r (C) 




1 


1 


X 





X 


p 







Input register indirect. 




INI, IND, OUTI; OUTD 
INIR; INDR: OTIR; OTDR 


X 
X 


1 

1 


X 
X 


X 
X 


X 
X 


X 
X 


1 
1 


:) 


Block input and output. Z = il B * otherwise Z = 0. 




LD1; LDD 
LDIR; LDDR 




X 
X 


X 
X 


X 
X 






X 
X 


1 








:) 


Block transler instructions. P/V = 1 if BC * 0, otherwise P/V « 0. 




CPI: CPIR; CPD; CPDR 


X 


1 


X 


X 


X 


1 


1 




Block search instructions. Z = 1 if A = (HL). otherwise Z « 0. P/V - 1 
























il BC * 0. otherwise PAT » 0. 




LD A. I, LD A. 


R 


1 


1 


X 





X 


IFF 







The content of the interrupt enable flip-flop (IFF) is copied into the P/V Hag. 




BIT b. • 




X 


1 


X 


1 


X 


X 







The state of bit b of location s is copied into the Z flag. 



Symbolic Symbol Operation 

Notation s Si< 3 n fla< 3- S = 1 if the MSB of the result is 1. 

Z Zero flag. Z = 1 if the result of the operation is 0. 

P/V Parity or overflow flag. Parity (P) and overflow 

(V) share the same flag. Logical operations affect 
this flag with the parity of the result while 
arithmetic operations affect this flag with the 
overflow of the result. If P/V holds parity, P/V = 
1 if the result of the operation is even, P/V = if 
result is .dd. If P/V holds overflow, P/V = 1 if 
the resu' • ' the operation produced an overflow. 

H Half-cair ■ lag. H = 1 if the add or subtract 

operatio woduced a carry into or borrow from 
bit 4 of :■•■■ accumulator. 

N Add/Su' • set flag. N = 1 if the previous opera- 

tion was -.ubtract. 

H & N H and K .gs are used in conjunction with the 

decimal :, ist instruction (DAA) to properly cor- 
rect the .It into packed BCD format following 
addition .ubtraction using operands with 
packed i J format. 

C Carry/Li : flag. C = 1 if the operation produced 

a carry f. -n the MSB of the operand or result. 



Symbol 

I 



Operation 

The flag is affected according to the result of the 

operation. 

The flag is unchanged by the operation. 

The flag is reset by the operation. 

The flag is set by the operation. 

The flag is a "don't care." 

P/V flag affected according to the overflow result 

of the operation. 

P/V flag affected according to the parity result of 

the operation. 

Any one of the CPU registers A, B, C, D, E, H, L. 

Any 8-bit location for all the addressing modes 

allowed for the particular instruction. 

Any 16-bit location for all the addressing modes 

allowed for that instruction. 

Any one of the two index registers IX or IY. 

Refresh counter. 

8-bit value in range < 0, 255 > . 

16-bit value in range < 0, 65535 > . 
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Pin A0-A15. Address Bus (output, active High, 

Descriptions 3-state). A0-A15 form a 16-bit address bus. The 
Address Bus provides the address for memory 
data bus exchanges (up to 64K bytes) and for 
I/O device exchanges. 

BUSACK. Bus Acknowledge (output, active 
Low). Bus Acknowledge indicates to the 
requesting device that the C PU add r ess bus , 
dat a bus, and control signals MREQ, IORQ, 
RD, and WR have entered their high- 
impedance states. The external circuitry 
can now control these lines. 



BUSREQ. Bus Request (input, active L ow). 
Bus Request has a higher priority than NMI 
and is always recog nized at th e end of the cur- 
rent machine cycle. BUSREQ forces the CPU 
addres s bus, d ata bus, a nd control signals 
MREQ, IORQ, RD, and WR to go to a high- 
impedance state so that othe r devices can 
control these lines. BUSREQ is normally wire- 
ORed and requires an extern al pullup for 
these applications. Extended BUSREQ 
periods due to extensive DMA operations can 
prevent the CPU from properly refreshing 
dynamic RAMs. 

D0-D7. Data Bus (input/output, active High, 
3-state). D0-D7 constitute an 8-bit bidirectional 
data bus, used for data exchanges with 
memory and I/O. 

HALT. Halt State (output, active Low). HALT 
indicates that the CPU has executed a Halt 
instruction and is awaiting either a non- 
maskable or a maskable interrupt (with the 
mask enabled) before operation can resume. 
While halted, the CPU executes NOPs to 
maintain memory refresh. 

INT. Interrupt Bequest (input, active Low). 
Interrupt Request is generated by I/O devices. 
The CPU honors a request at the end of the 
current instruction if the internal software- 
controlle d int errupt enable flip-flop (IFF) is 
enabled. INT is normally wire-ORed and 
requires an external pullup for these 
applications. 

IORQ. Input/ Outpu t Request (output, active 
Low, 3-state). IORQ indicates that the lower 
half of the address bus holds a valid I/O 

addre ss for an I/O read or write operation. 

IORQ is also generated concurrently with Ml 
during an interrupt acknowledge cycle to indi- 
cate that an interrupt response vector can be 



placed on the data bus. 

Ml . Machine Cyc le One (output, active Low). 
Ml, together with MREQ, indicates that the 
current machine cycle is the opcode fetch 
cycl e of an instruction execution. Ml, together 
with IORQ, indicates an interrupt acknowledge 
cycle. 



MREQ. Mem ory Req uest (output, active 
Low, 3-state). MREQ indicates that the address 
bus holds a valid address for a memory read or 
memory write operation. 

NMI. Non- Maskable Interrupt (input, acti ve 

Low). NMI has a higher priority than INT. NMI 
is always recognized at the end of the current 
instruction, independent of the 
status of the interrupt enable flip-flop, and 
automatically forces the CPU to restart at 
location 0066H. 

RD. Memory Read (output, active Low, 
3-state). RD indicates that the CPU wants to 
read data from memory or an I/O device. The 
addressed I/O device or memory should use 
this signal to gate data onto the CPU data bus. 

RESET. Reset (input, active Low). RESET 
initializes the CPU as follows: it resets the 
interrupt enable flip-flop, clears the PC and 
Registers I and R, and sets the interrupt status 
to Mode 0. During reset time, the address and 
data bus go to a high-impedance state, and all 
control o utput si gnals go to the inactive state. 
Note that RESET must be active for a minimum 
of three full clock cycles before the reset 
operation is complete. 

RFSH. Refres h (outp ut, active Low). RFSH, 
together with MREQ, indicates that the lower 
seven bits of the system's address bus can be 
used as a refresh address io the system's 
dynamic memories. 

WAIT. Wait (input, active Low). WAIT 
indicates to the CPU that the addressed mem- 
ory or I/O devices are not ready for a data 
transfer. The CPU continues to enter a Wait 
state a s long as this signal is active. Extended 
WAIT periods can prevent the CPU from 
refreshing dynamic memory properly. 

WR. Memory Write (output, active Low, 
3-state). WR indicates that the CPU data bus 
holds valid data to be stored at the addressed 
memory or I/O location. 



CPU Tinting The Z80 CPU executes instructions by pro- 

ceeding through a specific sequence of opera- 
tions: 

■ Memory read or write 

■ I/O device read or write 

■ Interrupt acknowledge 



The basic clock period is referred to as a 
T time or cycle, and three or more T cycles 
make up a machine cycle (Ml, M2 or M3 for 
instance). Machine cycles can be extended 
either by the CPU automatically inserting one 
or more Wait states or by the insertion of one 
or more Wait states by the user. 



Instruction Opcode Fetch. The CPU places 
the contents of the Program Counter (PC) on 
the address bus at the start of the cycle (Figure 
5). Ap proximately one-half clock cycle later, 
MREQ goes active. The falling edge of MREQ 
can be used directly as a Chip Enable to dyna- 
mic memories. When active, RD indicates that 
the memory data can be enabled onto the CPU 



data bus. 

The CPU samples the WAIT input with the 
rising edge of clock state T3. During clock 
states T3 and T4 of an Ml cycle dynamic RAM 
refresh can occur while the CPU starts 
decoding and executing the instruction. When 
the Refresh Control signal becomes active, 
refreshing of dynamic memory can take place. 




NOTE: T w -Wait cycle added when necessary lor slow ancilliary devices. 

Figure 5. Instruction Opcode Fetch 
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CPU Memory Read or Writ* Cycles. Figure 6 

Timing shows the timing of memory read or write 

(Continued) cycl es othe r than an opcode fetch (Ml) cycle. 
The MREQ and RD signals function exactly as 
in the fetch cycle. In a memory write cycle, 
MREQ also becomes active when the address 



bus is stable, so that it can be used directly as 
a Chip Enable for dynamic memories. The WR 
line is active when the data bus is stable, so 
that it can be used directly as an R/W pulse to 
most semiconductor memories. 
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Figure 6. Memory Read or Writ* Cycles 
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CPU Input or Output Cycles. Figure 7 shows the 

Timing timing for an I/O read or I/O write operation. 

(Continued) During I/O operations, the CPU automatically 



inserts a single Wait state (T w ). This extra Wait 
state allows sufficient time for an I/O port to 
decode the address and the port address lines. 



Ta Tw T w Tj 



zz>; 



READ' 
OPERATION 
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NOTE: T w « = One Wait cycle automatically inserted by CPU. 

Figure 7. Input or Output Cycles 



Interrupt Request/ Acknowledge Cycle. The 

CPU samples the interrupt signal with the ris- 
ing edge of the last clock cycle at the end of 
any instruction (Figure 8). When an interrupt 
is accepted, a special Ml cycle is generated. 



During thi s Ml cyc le, IORQ becomes active 
(instead of MREQ) to indicate that the inter- 
rupting device can place an 8-bit vector on the 
data bus. The CPU automatically adds two 
Wait states to this cycle. 
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NOTE: 1) Tl= Last state of previous instruction. 2) Two Wait cycles automatically inserted by CPU(*). 

Figure 8. Interrupt Request/ Acknowledge Cycle 
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CPU Non- Maskable Interrupt Request Cycle. 

Timing NMI is sampled at the sa me t ime as the 

(Continued) maskable interrupt input INT but has higher 

priority and cannot be disabled under software 
control. The subsequent timing is similar to 



that of a normal memory read operation except 
that data put on the bus by the memory is 
ignored. The CPU instead execut es a restart 
(RST) operation and jumps to the NMI service 
routine located at address 0066H (Figure 9). 
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'Although NMI is an asynchronous input, to guara ntee its being 
recognized on the following machine cycle, NMI's lalling edge 
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Figure 9. Non-Maskable Interrupt Request Op ton 



Bus Req uest/ Ack nowledge Cycle. The CPU 

samples' BUSREQ with the rising edge of the 
last cl ock period of any machine cycle (Figure 

10). If BUSREQ is active, t he CP U sets its 

address, data, and MREQ, IORQ, RD, and WR 



lines to a high pedance state with the rising 
edge of the ne ■lock pulse. At that time, any 
external devic .an take control of these lines, 
usually to transier data between memory and 
I/O devices. 
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NOTE: Tl= Last state of any M cycle. 
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Tx= An arbitrary clock cycle used by requesting device. 



Figure 10. Bus Request/ Acknowledge Cycle 
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CPU Halt Acknowledge Cycle. When the CPU 

Timing receives a HALT Inst ruct ion , It e xecutes NOP 

(Continued) states until either an TNT or NMI input is 



received. When in the Halt state, the HALT 
output is active and remains so until an inter- 
rupt is processed (Figure 11). 



HILT 



j\r\j\j\i\r\i\ 



Halt Instruction 



w 



<§>• 



NOTE: INT will also force a Halt exit. 



*See note, Figure 9. 
Figure 11. Halt Acknowledge Cycle 



Reset Cycle. RESET must be active for at least inactive, two internal T cycles are consumed 

three clock cycles fo r the CP U to properly before the CPU re sumes normal processing 

accept it. As long as RESET remains active', the operation. RESET clears the PC register, so the 

address and data buses flo at, and the control first opcode fetch will be to location 0000 

outputs are inactive. Once RESET goes (Figure 12). 
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Figure 12. Reset Cycl* 
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AC 

Charac- 
teristics 


Number 


Symbol 


Parameter 


Z80CPU 
Mln Max 
(ns) (ns) 


Z80ACPU 
Mln Max 
(ns) (ns) 


Z80BCPU 
Mln Max 
(ns) (ns) 




1 


TcC 


Clock Cycle Time 


400* 




250* 




165* 






2 


TwCh 


Clock Pulse Width (High) 


180* 




110* 




65* 






3 


TwCl 


Clock Pulse Width (Low) 


180 


2000 


110 


2000 


65 


2000 




4 

5 — 
6 


TfC 


Clock Fall Time 


— 


30 


— 


30 


— 


20 




TdCr(A) 


■ ClucK luse nine ■ 
Clock t to Address Valid Delay 


— 


145 


— 


' JU 

110 


— 


90 




7 


TdA(MREQf) 


Address Valid to MREQ 
1 Delay 


125* 


— 


65* 


— 


35* 


— 




8 


TdCf(MREQf) 


Clock 1 to MREQ 1 Delay 


— 


100 


— 


85 


— 


70 




9 
lO- 


TdCr(MREQr) 
- TwMREQh 


Clock t to MREQ t Delay 




100 




85 




70 




■ MKfcAj Pulse Width (High) 


1/U " 




1 1U ■ 










ll 
12 


TwMREQl 
TdCf(MREQr) 


MREQ Pulse Width (Low) 


360* 


100 


220* 


85 


135* 


- 




Clock 1 to MREQ t Delay 


70 




13 


TdCf(RDf) 


Clock I to RD 1 Delay 


— 


130 


- 


95 


— 


80 




14 
15 — 


TdCr(RDr) 


Clock t to RD t Delay 




100 




85 




70 






















16 
17 


ThD(RDr) 
TsWAIT(Cf) 


Data Hold Time to RD t 


70 





70 





60 







WAIT Setup Time to Clock 1 


— 




18 


ThWAIT(Cf) 


WAIT Hold Time after Clock I 


— 





— 





— 







19 
20- 


TdCr(Mlf) 
-TdCr(Mlr) 


Clock t to Ml I Delay 


— 


130 


— 


100 


— 


80 




UlocK I lo Ml I Delay - ■ 
















21 


TdCr(RFSHf) 


Clock t to RFSH 1 Delay 


— 


180 


— 


130 


- 


110 


^ 


22 


TdCr(RFSHr) 


Clock t to RFSH 1 Delay 


— 


150 


— 


120 


— 


100 




23 


TdCf(RDr) 


Clock I to RD t Delay 


— 


110 


— 


85 


- 


70 




24 
25- 

26 
27 


TdCr(RDf) 


Clock t to RD J Delay 




100 




85 




70 




TdA(IORQf) 
TdCr(IORQf) 


M2, M3, M 4 or M5 Cycles 


320* 


90 


180* 


75 


110*. 






Address Stable prior to IORQ I 


. — 




Clock t to IORQ 1 Delay 


65 




28 


TdCf(IORQr) 


Clock I to IORQ t Delay 


— 


110 


— 


85 


- 


70 




29 
30- 


TdD(WRf) 
-TdCf(WRf) 


Data Stable prior to WR 1 


190* 




80* 




25* 






dock l lu Wit l Delay 




— yu 




uu 








31 


TwWR 


WR Pulse Width 


360* 


— 


220' 


— 


135* 


— 




32 


TdCf(WRr) 


Clock J to WR t Delay 


— 


100 


— 


80 


— 


70 




33 


TdD(WRf)' 


Data Stable prior to WR 1 


20* 


— 


-10* 


— 


-55* 


— 




34 
35- 


TdCr(WRf) 
-TdWRr(D) 


Clock t to WR 1 Delay 




80 




65 




60 




















36 


TdCf(HALT) 


Clock I to HALT 1 or I 


— 


300 


— 


300 


— 


260 




37 


TwNMI 


NMI Pulse Width 


80 


— 


80 


— 


70 


— 




38 


TsBUSREQ(Cr: 


) BUSREQ Setup Time to Clock t 


80 


— 


50 


— 


50 


— 



o 

n 

* 
a 



*For clock periods other than the minimums shown in the table, 
calculate parameters using the expressions in the table on the 
following page. 



AC 

Charac- 
teristics 

(Continued) 



Number Symbol 



Parameter 



Z80CPU 
Min Max 

Ins) (ns) 



Z80ACPU 
Min Max 
(ns) (ns) 



BUSREQ Hold Time after Clock t 



39 ThBUSREQ(Cr) 

40— TdCr(BUSACKf)-Clock 1 to BUSACK I Delay 

41 TdCf(BUSACKr) 

42 TdCr(Dz) 

43 TdCr(CTz) 



44 TdCr(Az) 

45 — TdCTr(A)- 



Clock 1 to BUSACK t Delay 

Clock t to Data Float Delay 

Clock I t o Cont r ol Ou tputs Float 
Delay (MREQ, IORQ, RD, 
and WR) 

Clock t to Address Float Delay 

■ A ddress Stable after MREQ t, — 
IORQ 1 # RD t.andWR I 

RESET to Clock t Setup Time 



RESET to Clock t Hold Time 
INT to Clock t Setup Time 
INT to Clock t Hold Time 



46 TsRESET(Cr) 

47 ThRESET(Cr) 

48 TsINTf(Cr) 

49 ThlNTr(Cr) 

50 — TdMlf(IORQf) — Ml I to IORQ 1 Delay 

51 TdCf(IORQf) 

52 TdCf(IORQr) 

53 TdCf(D) 



Clock 1 to IORQ 1 Delay 
Clock t to IORQ t Delay 
Clock 1 to Data Valid Delay 



- 
120 

- 110 

- 90 

- 110 



- 110 
160* 



90 — 

— 
80 - 

— 
920* 



110 

100 
230 



— 
100 



- 100 

- 90 

- 80 

- 90 
•80' 



60 — 

— 
80 - 

— . 

• 565* — ; — 

— 85 

— 85 

— 150 



'For clock periods other than the minimums shown in the table, 
calculate parameters using the following expressions. Calculated 
values above assumed TrC = TfC = 20 ns. 



Footnotes to AC Characteristics 



Z80BCPU 
Min Max 

(ns) (ns) 



- 
90 

- 90 

- 80 

- 70 

- 80 

•35* 



60 — 

— 
70 — 

— 
■365* 

— 70 

— 70 

— 130 



Number Symbol 



Z80 



Z80A 



Z80B 



TcC 
TwCh 



7 TdA(MREQf)- 

10 TwMREQh 

11 TwMREQl 
26 TdA(IORQf) 
29 TdD(WRf) 

31 TwWR 

33 TdD(WRf) 
35 TdWRr(D) 
45 TdCTr(A) 
.50 TdMlf(IORQf) 



TwCh + TwCl + TrC + TfC 

Although static by design, 
TwCh of greater than 200 jis 
is not guaranteed 

TwCh + TfC - 75 

TwCh + TfC - 30 

TcC - 40 

TcC - 80 

TcC - 210 

TcC - 40 



TwCl + TrC - 180 
TwCl + TrC - 80 
TwCl + TrC - 40 
2TcC + TwCh + TfC - 80 



TwCh + TwCl + TrC +TfC 

Although static by design, 
TwCh of greater than 200 ^s 
is not guaranteed 

TwCh + TfC - 65 

TwCh + TfC - 20 

TcC - 30 

TcC - 70 

TcC - 170 

TcC - 30 



TwCl + TrC - 140 
TwCl + TrC - 70 
TwCl + TrC - 50 
2TcC + TwCh + TfC - 65 



TwCh + TwCl. + TrC + TfC 

Although static by design, 
TwCh of greater than 200 /*s 
is not guaranteed 



■ TwCh + TfC - 50 

TwCh + TfC - 20 

TcC - 30 

TcC- 55 

TcC - 140 
• TcC - 30 



TwCl + TrC - 140 
TwCl + TrC - 55 
TwCl + TrC - 50 
2TcC + TwCh + TfC - 50 



AC Test Conditions: Vqh = 2.0 V 

Vih = 2.o v Vql = o- 8 v 

V IL = 0.8 V FLOAT = ±0.5 V 

VlHC = V C C "0.6 V 
V ILC = 0.45 V 



APPENDIX £ 
Z80 DIRECT MEMORY ADDRESS (DMA) 



Z8410 

Z80 DMA Direct 

Memory Access Controller 



Zilog 



Product 
Specification 



June 1982 



Features ■ Transfers, searches and search/transfers in 

Byte-at-a-Time, Burst or Continuous modes. 
Cycle length and edge timing can be pro- 
grammed to match the speed of any port. 

■ Dual port addresses (source and destination) 
generated for memory-to-I/O, memory- 
to-memory, or I/O-to-I/O operations. 
Addresses may be fixed or automatically 
incremented/decremented . 

■ Next- operation loading without disturbing 
current operations via buffered starting- 



address registers. An entire previous 
sequence can be repeated automatically. 

Extensive programmability of functions. 
CPU can read complete channel status. 

Standard Z-80 Family bus-request and 
prioritized interrupt-request daisy chains 
implemented without external logic. 
Sophisticated, internally modifiable inter- 
rupt vectoring. 

Direct interfacing to system buses without 
external logic. 
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General The Z-80 DMA (Direct Memory Access) is a 

Description powerful and versatile device for controlling 
and processing transfers of data. Its basic 
function of managing CPU- independent 
transfers between two ports is augmented by 
an array of features that optimize transfer 
speed and control with little or no external 
logic in systems using an 8- or 16-bit data bus 
and a 16-bit address bus. 



Transfers can be done between any two ports 
(source and destination), including memory-to- 
I/O, memory-to-memory, and I/O-to-I/O. Dual 
port addresses are automatically generated for 
each transaction and may be either fixed or 
incrementing/decrementing. In addition, bit- 
maskable byte searches can be performed 
either concurrently with transfers or as an 
operation in itself. 







Do A, 

Di A, 

Dl Aj 

D, Ai 

4 A, 

D( Ai 

Di Ai 

D, A 7 

Ai 

BUSREQ A. 

BAI A 10 

BAO »,, 
ZSO DMA 

All 

Ail 
Au 
Ml A» 
IORQ 

MREQ RDY 

RD CE/WAIT 

WR INT/PULSE 

■El 

IEO 






















DATA. 






















* 








, 




BUS 
CONTROL 


' 
































SYSTEM 

CONTROL ' 

BUS 




















* 











SYSTEM 
> ADDRESS 
BUS 



RDY ■ A I 

WAIT « / ' 



AifJ 1 

A4C * 

A.C a 

Al C 4 

A, C S 

AcC • 

CLK £ 7 

WSfJ » 

wrj • 

♦ svC 11 

RRTSfJ 12 

bis c 13 

611 £ n 

BUSREQ C 15 

ce/waTF rj ii 

Ail C « 

A«C 1« 

A11C 1 » 

A«C 20 



rr~r 



40 ] A| 

3» ] A, 

3» ] IEI 

37 2 iNTIPULSE 

36 2 IEO 

35 ] Do 

34 ] D, 

33 3 Dj 

32 2 Ol 

31 2 D 4 

' 30 2 Q X0 

2» ]D« 

2» ] Di 

27 ]D7 

2« ] m 

25 2 BDY 

24 2 *• 

23 J A. 

22 3 A,o 

21 2 *" 



Figure 1. Pin Functions 
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General The Z-80 DMA contains direct interfacing to 

Description and independent control of system buses, as 
(Continued) well as sophisticated bus and interrupt con- 
trols. Many programmable features, including 
variable cycle timing and auto-restart, 
minimize CPU software overhead. They are 
especially useful in adapting this special- 



purpose transfer processor to a broad variety 
of memory, I/O and CPU environments. 

The Z-80 DMA is an n-channel silicon-gate 
depletion-load device packaged in a 40-pin 
plastic or ceramic DIP. It uses a single + 57 
power supply and the standard Z-80 Family 
single-phase clock. 



Functional Classes of Operation. The Z-80 DMA has 
Description three basic classes of operation: 

■ Transfers of data between two ports (memory 
or I/O peripheral) 

■ Searches for a particular 8-bit maskable 
byte at a single port in memory or an I/O 
peripheral 

■ Combined transfers with simultaneous 
search between two ports 

Figure 4 illustrates the basic functions 
served by these classes of operation. 

During a transfer, the DMA assumes control 
of the system address and data buses. Data is 
read from one addressable port and written to 
the other addressable port, byte by byte. The 
ports may be programmed to be either system 
main memory or peripheral I/O devices. Thus, 
a block of data may be written from one 
peripheral to another, from one area of main 
memory to another, or from a peripheral to 
main memory and vice versa. 




During a search-only operation, data is read 
from the source port and compared byte by 
byte with a DMA-internal register containing a 
programmable match byte. This match byte 
may optionally be masked so that only certair. 
bits within the match byte are compared. 
Search rates up to 1.25M bytes per second cen 
be obtained with the 2.5 MHz Z-80 DMA or 2 Vf 
bytes per second with the 4 MHz Z-80A DMA. 

In combined searches and transfers, data 
is transferred between two ports while 
simultaneously searching for a bit-maskable 
byte match. 

Data transfers or searches can be pro- 
grammed to stop or interrupt under various 
conditions. In addition, CPU-readable status 
bits can be programmed to reflect the 
condition. 

Modes of Operation. The Z-80 DMA can be 
programmed to operate in one of three transfer 
and/or search modes: 

■ Byte-at-a-Time: data operations are per- 
formed one byte at a time. Between each 
byte operation the system buses are released 
to the CPU. The buses are reguested agair. 
for each succeeding byte operation. 

■ Burst: data operations continue until a 
port's Ready line to the DMA goes inactive. 
The DMA then stops and releases the system 
buses after completing its current byte 
operation. 

■ Continuous: data operations continue until 
the end of the programmed block of data is 
reached before the system buses are 
released. If a port's Ready line goes inactive 
before this occurs, the DMA simply pauses 
until the Ready line comes active again. 




1. Starch memory 

2. Tranafar mamory-to-mamory (optional aearch) 

3. Tranafar mamory-to-l/0 (optional aaarch) 

4. Saarch 1(0 

5. Transfar l/0*to-l/0 (optional laarch) 



Figure 3. Typical Z-80 Environment 



Figure 4. Basic Functions of the Z-80 DMA 
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Functional In all modes, once a byte of data \v. read into. 

Description the DMA, the operation on the byte will be 
(Continued) completed in an orderly fashion, regardless of 
the state of other signals (including a port's 
Ready line). 

Due to the DMA's high-speed buffered 
method of reading data, operations on one 
byte are not completed until the next byte is 
read in. This means that total transfer or 
search block lengths must be two or more 
bytes, and that block lengths programmed into 
the DMA must be one byte less than the 
desired block length (count is N-l where N is 
the block length). 

Commands and Status. The Z-80 DMA has 
several writable control registers and readable 
status registers available to the CPU. Control 
bytes can be written to the DMA whenever the 
DMA is not controlling the system buses, but 
the act of writing a control byte to the DMA 
disables the DMA until it is again enabled by a 
specific command. Status bytes can also be 
read at any such time, but writing the Read 
Status Byte command or the Initiate Read 
Seguence command disables the DMA. 

Control bytes to the DMA include those 
which effect immediate command actions such 
as enable, disable, reset, load starting-address 
buffers, continue, clear counters, clear status 
bits and the like. In addition, many mode- 
setting control bytes can be written, including 
mode and class of operation, port configura- 
tion, starting addresses, block length, address 
counting rule, match and match-mask byte, 
interrupt conditions, interrupt vector, status- 
affects-vector condition, pulse counting, auto 
restart, Ready-line and Wait-line rules, and 
read mask. 

Readable status registers include a general 
status byte reflecting Ready-line, end-of-block, 
byte-match and interrupt conditions, as well as 
2-byte registers for the current byte count, 
Port A address and Port B address. 

Variable Cycle. The Z-80 DMA has the 
unigue feature of programmable operation- 
cycle length. This is valuable in tailoring the 
DMA to the particular requirements of other 
system components (fast or slow) and max- 
imizes the data-transfer rate. It also eliminates 
external logic for signal conditioning. 

There are two aspects to the variable cycle 
feature. First, the entire read and write cycles 
(periods) associated with the source and 
destination ports can be independently pro- 
grammed as 2, 3 or 4 T-cycles long (more if 
Wait cycles are used), thereby increasing or 



'■i';';reasir.cj the speed with which all DMA 
sigr.-als change (Figure 5). 

Second, the four signals in each port 
specifically associated with transfers of data 
(I/O Request, Memory Reguest, Read, and 
Write) can each have its active trailing edge 
terminated one-half T-cycle early. This adds a 
further dimension of flexibility and speed, 
allowing such things as shorter-than-normal 
Read or Write signals that go inactive before 
data starts to change. 

Address Generation. Two 16-bit addresses are 
generated by the Z-80 DMA for every transfer 
operation, one address for the source port and 
another for the destination port. Each address 
can be either variable or fixed. Variable 
addresses can increment or decrement from 
the programmed starting address. The fixed- 
address capability eliminates the need for 
separate enabling wires to I/O ports. 

Port addresses are multiplexed onto the 
system address bus, depending on whether the 
DMA is reading the source port or writing to 
the destination port. Two readable address 
counters (2 bytes each) keep the current 
address of each port. 

Auto Restart. The starting addresses of either 
port can be reloaded automatically at the end 
of a block. This option is selected by the Auto 
Restart control bit. The byte counter is cleared 
when the addresses are reloaded. 

The Auto Restart feature relieves the CPU of 
software overhead for repetitive operations 
such as CRT refresh and many others. More- 
over, when the CPU has access to the buses 
during byte-at-a-time or burst transfers, dif- 
ferent starting addresses can be written into 
buffer registers during transfers, causing the 
Auto Restart to begin at a new location. 

Interrupts. The Z-80 DMA can be programmed 
to interrupt the CPU on three conditions: 

■ Interrupt on Ready (before requesting bus) 

■ Interrupt on Match 

■ Interrupt on End of Block 
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Figure 5. Variable Cycle Length 
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Functional Any of these interrupts cause an interrupt- 

Descriptlon pending status bit to be set, and each of them 
(Continued) can optionally alter the DMA's interrupt vec- 
tor. Due to the buffered constraint mentioned 
under "Modes of Operation," interrupts on 
Match at End of Block are caused by matches 
to the byte just prior to the last byte in the 
block. 

The DMA shares the Z-80 Family's elaborate 
interrupt scheme, which provides fast inter- 
rupt service in real-time applications. In a 
Z-80 CPU environment, the DMA passes its 
internally modifiable 8-bit interrupt vector to 
the CPU, which adds an additional eight bits 
to form the memory address of the interrupt- 
routine table. This table contains the address 
of the beginning of the interrupt routine itself. 



In this process, CPU control is transferred 
directly to the interrupt routine, so that the 
next instruction executed after an interrupt 
acknowledge is the first instruction of the inter- 
rupt routine itself. 

Pulse Generation. External devices can keep 
track of how many bytes have been transferred 
by using the DMA's pulse output, which pro- 
vides a signal at 256-byte intervals. The inter- 
val sequence may be offset at the beginning by 
1 to 255 bytes. 

The Interrupt line outputs the pulse signal in 
a manner that prevents misinterpretation by 
the CPU as an interrupt request, since it only 
appears when the Bus Request and Bus 
Acknowledge lines are both active. 



Pin A0-A15. System Address Bus (output, 3-state). 

Description Addresses generated by the DMA are sent to 
both source and destination ports (main 
memory or I/O peripherals) on these lines. 

BAI. Bus Acknowledge In (input, active Low). 
Signals that the system buses have been 
released for DMA contr ol. In multiple-DMA 
configurations, the BAI pin of the highest 
priority DMA is normally connected to the Bus 
Acknowledge pin of t he CPU. Lower-pr iority 
DMAs have their BAI connected to the BAO of 
a higher-priority DMA. 



BAO. Bus Acknowledge Out (output, active 
Low). In a multiple-DMA configuration, this 
pin signals that no other higher- prior ity DMA 
has requested the system buses. BAI and BAO 
form a daisy chain for multiple-DMA priority 
resolution over bus control. 



BUSREQ. Bus Bequest (bidirectional, active 
Low, open drain). As an output, it sends 
requests for control of the system address bus, 
data bus and control bus to the CPU. As an 
input, when multiple DMAs are strun g 
toget her in a priority daisy chain via BAI and 
BAO, it senses when another DMA has 
requested the buses and causes this DMA to 
refrain from bus requesting until the other 
DMA is finished. Because it is a bidirectional 
pin, there cannot be any buffers between this 
DMA and any other DMA. It can, however, 
have a buffer between it and the CPU because 
it is unidirectional into the CPU. A pull-up 
resistor is connected to this pin. 

CE7WAIT. Chip Enable and Wait (input, 
active Low) . Normally this functions only as a 
CE line , but i t can also be programmed to 
serve a WAIT function. As a CE l ine fr om the 
CPU, it becomes active when WR and IORQ 
are active and the I/O port address on the 



system address bus is the DMA's address, 
thereby allowing a transfer of control or com- 
mand bytes from the CPU to the DMA. As a 
WAIT line from memory or I/O devices, after 
the DMA has received a bus-request ack- 
nowledge from the CPU, it causes wait states 
to be inserted in the DMA's operation cycles 
thereby slowing the DMA to a speed that 
matches the memory or I/O device. 

CLK. System Clock (input). Standard Z-80 
single- phase clock at 2.5 MHz (Z-80 DMA) or 
4.0 MHz (Z-80A DMA). For slower system 
clocks, a TTL gate with a pullup resistor may 
be adequate to meet the timing. and voltage 
level specification. For higher-speed systems, 
use a clock driver with an active pullup to 
meet the Vjh specification and risetime 
requirements. In all cases there should be a 
resistive pullup to the power supply of 10K 
ohms (max) to ensure proper power when the 
DMA is reset. 

D0-D7. System Data Bus (bidirectional, 
3-state). Commands from the CPU, DMA 
status, and data from memory or I/O 
peripherals are transferred on these lines. 

IEI. Interrupt Enable In (input, active High). 
This is used with IEO to form a priority daisy 
chain when there is more than one interrupt- 
driven device. A High on this line indicates 
that no other device of higher priority is being 
serviced by a CPU interrupt service routine. 

IEO. Interrupt Enable Out (output, active 
High). IEO is High only if IEI is High and the 
CPU is not servicing an interrupt from this 
DMA. Thus, this signal blocks lower-priority 
devices from interrupting while a higher- 
priority device is being serviced by its CPU 
interrupt service routine. 



Pin INT/PULSE. Interrupt Request (output, active 

Description Low, open drain). This requests a CPU inter- 
(Continued) rupt. The CPU a cknowledges the interrupt by 
pulling its IORQ output Low during a n M l 
cycle. It is typically connected to the INT pin 
of the C PU w ith a pullup resistor and tied to 
all other INT pins in the system. This pin can 
also be used to generate periodic pulses to an 
external device. It can be used this way only 
when the DMA is bus ma ster (i.e., the CPU's 
BUSREQ and BUSACK lines are both Low 
and the CPU cannot see interrupts). 

IORQ. Input/Output Request (bidirectional, 
active Low, 3-state). As an input, this indicates 
that the lower half of the address bus holds a 
valid I/O port address for transfer of control or 
status bytes from or to the CPU, res pect ively; 
this D MA is the addressed port if its CE pin 
and its WR or RD pins are simultaneously 
active. As an output, after the DMA has taken 
controlof the system buses, it indicates that 
the 8-bit or 16-bit address bus holds a valid 
port address for another I/O d evice i nvolved in 
a DMA transfer of data. When IORQ and Ml 
are both active simultaneously, an interrupt 
acknowledge is indicated. 

Ml. Machine Cycle One (input, active Low). 
Indicates that the current CPU machine cycle 
is an instruction fetch. It is used by the DMA 
to decode the return-from-interrupt instruction 
(RETI) (ED-4D) sent by the CPU. During two- 
byte instruction fetches, MI is active as each 



opcode byte is fetched. An interr upt ack- 
nowledge is indicated when both Ml and 
fORQ are active. 

MREQ. Memory Request (output, active Low, 
3-state). This indicates that the address bus 
holds a valid address for a memory read or 
write operation. After the DMA has taken con- 
trol of the system buses, it indicates a DMA 
transfer request from or to memory. 

RD. Read (bidirectional, active Low, 3-state). 
As an input, this indicates that the CPU wants 
to read status bytes from the DMA's read 
registers. As an output, after the DMA has 
taken control of the system buses, it indicates a 
DMA-controlled read from a memory or I/O 
port address. 

RDY. Ready (input, programmable active Low 
or High). This is monitored by the DMA to 
determine when a peripheral device associated 
with a DMA port is ready for a read or write 
operation. Depending on the mode of DMA 
operation (Byte, Burst or Continuous), the RDY 
line ind irectly co ntrols DMA activity by caus- 
ing the BUSREQ line to go Low or High. 

WR. Write (bidirectional, active Low, 3-state). 
As an input, this indicates that the CPU wants 
to write control or command bytes to the DMA 
write registers. As an output, after the DMA 
has taken control of the system buses, it 
indicates a DMA- controlled write to a memory 
or I/O port address. 
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Internal The internal structure of the Z-80 DMA 

Structure includes driver and receiver circuitry for inter- 

facing with an 8-bit system data bus, a 16-bit 
system address bus, and system control lines 
(Figure 6). In a Z-80 CPU environment, the 
DMA can be tied directly to the analogous pins 
on the CPU (Figure 7 ) with no additional buf- 
fering, except for the CE/WAIT line. 

The DMA's internal data bus interfaces with 
the system data bus and services all internal 
logic and registers. Addresses generated from 
this logic for Ports A and B (source and des- 
tination) of the DMA's single transfer channel 
are multiplexed onto the system address bus. 



Specialized logic circuits in the DMA are 
dedicated to the various functions of external 
bus interfacing, internal bus control, byte 
matching, byte counting, periodic pulse 
generation, CPU interrupts, bus requests, and 
address generation. A set of twenty-one 
writable control registers and seven readable 
status registers provides the means by which 
the CPU governs and monitors the activities of 
these logic circuits. All registers are eight bits 
wide, with double-byte information stored in 
adjacent registers. The two address- counters 
(two bytes each) for Ports A and B are buffered 
by the two starting addresses. 
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system bus, however, may not be pre-empted. 
Any DMA that gains access to the system bus 
keeps the bus until it is finished. 

Write Registers 



Internal The 21 writable control registers are 

Structure organized into seven base-register groups, 

(Continued) most of which have multiple registers. The 

base registers in each writable group contain 
both control/command bits and pointer bits 
that can be set to address other registers within 
the group. The seven readable status registers 
have no analogous second- level registers. 
The registers are designated as follows, 
according to their base-register groups: 

WR0-WR6 — Write Register groups 
through 6 (7 base registers plus 14 associ- 
ated registers) 
RR0-RR6 — Read Registers through 6 

Writing to a register within a write-register 
group involves first writing to the base 
register, with the appropriate pointer bits set, 
then writing to one or more of the other 
registers within the group. All seven of the 
readable status registers are accessed sequen- 
tially according to a programmable mask con- 
tained in one of the writable registers. The sec- 
tion entitled "Programming" explains this in 
more detail. 

A pipelining scheme is used for reading data 
in. The programmed block length is the 
number of bytes compared to the byte counter, 
which increments at the end of each cycle. In 
searches, data byte comparisons with the 
match byte are made during the read cycle of 
the next byte. Matches are, therefore, dis- 
covered only after the next byte is read in. 

In multiple-DMA configurations, interrupt- 
request daisy chains are prioritized by the 
order in which their IEI and IEO lines are con- 
nected (Zilog Application Note 03-0041-01, The 
Z-80 Family Program Interrupt Structure). The 
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Read Registers 



RRO Status byte 

RR1 Byte counter (low byte) 

RR2 Byte counter (high byte) 

RR3 Port A address counter (low byte) 

RR4 Port A address counter (high byte) 

RR5 Port B address counter (low byte) 

RR6 Port'B address counter (high byte) 
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Figure 7. Multiple-DMA Interconnection to the Z-80 CPU 
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Programming The Z-80 DMA has two programmable fun- 
damental states: (1) an enabled state, in which 
it can gain control of the system buses and 
direct the transfer of data between ports, and 
(2) a disabled state, in which it can initiate 
neither bus reguests nor data transfers. When 
the DMA is powered up or reset by any means, 
it is automatically placed into the disabled 
state. Program commands can be written to it 
by the CPU in either state, but this auto- 
matically puts the DMA in the disabled state, 
which is maintained until an enable command 
is issued by the CPU. The CPU must program 
the DMA in advance of any data search or 
transfer by addressing it as an I/O port and 
sending a seguence of control bytes using an 
Output instruction (such as OTIR for the 
Z-80 CPU). 

Writing. Control or command bytes are writ- 
ten into one or more of the Write Register 
groups (WR0-WR6) by first writing to the base 
register byte in that group. All groups have 
base registers and most groups have additional 
associated registers. The associated registers 
in a group are seguentially accessed by first 
writing a byte to the base register containing 
register-group identification and pointer bits 
(l's) to one or more of that base register's 
associated registers. 

This is illustrated in Figure 8b. In this 
figure, the seguence in which associated 
registers within a group can be written to is 
shown by the vertical position of the associated 
registers. For example, if a byte written to the 
DMA contains the bits that identify WRO (bits 
DO, Dl and D7), and also contains l's in the 
bit positions that point to the associated "Port 
A Starting Address (low byte)" and "Port A 
Starting Address (high byte)," then the next 
two bytes written to the DMA will be stored in 
these two registers, in that order. 

Reading. The Read Registers (RR0-RR6) are 
read by the CPU by addressing the DMA as an 
I/O port using an Input instruction (such as 
INIR for the Z-80 CPU). The readable bytes 
contain DMA status, byte-counter values, and 
port addresses since the last DMA reset. The 



registers are always read in a fixed seguence 
beginning with RRO and ending with RR6. 
However, the register read in this seguence is 
determined by programming the Read Mask in 
WR6. The seguence of reading is initialized by 
writing an Initiate Read Seguence or Set Read 
Status command to WR6. After a Reset DMA, 
the seguence must be initialized with the 
Initiate Read Seguence command or a Read 
Status command. The seguence of reading all 
registers that are not excluded by the Read 
Mask register must be completed before a new 
Initiate Read Seguence or Read Status 
command. 

Fixed-Address Programming. A special cir- 
cumstance arises when programming a desti- 
nation port to have a fixed address. The load 
command in WR6 only loads a fixed address to 
a port selected as the source, not to a port 
selected as the destination. Therefore, a fixed 
destination address must be loaded by tem- 
porarily declaring it a fixed-source address 
and subseguently declaring the true source as 
such, thereby implicitly making the other a 
destination. 

The following example illustrates the steps in 
this procedure, assuming that transfers are to 
occur from a variable-address source (Port A) 
to a fixed-address destination (Port B): 

1 . Temporarily declare Port B as source in 
WRO. 

2. Load Port B address in WR6. 

3. Declare Port A as source in WRO. 

4. Load Port A address in WR6. 

5. Enable DMA in WR6. 

Figure 9 illustrates a program to transfer 
data from memory (Port A) to a peripheral 
device (Port B). In this example, the Port A 
memory starting address is 1050h and the Port 
B peripheral fixed address is 05h- Note that 
the data flow is IOOIh bytes — one more than 
specified by the block length. The table of 
DMA commands may be stored in consecutive 
memory locations and transferred to the DMA 
with an output instruction such as the Z-80 
CPU's OTIR instruction. 
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Figure 8a. Read Registers 
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KB END S V. CY CLE EARLY - 

MRCO ENDS Vi CYCLE EARLY - 6 



I I 



> CYCLE LENQTH - 4 

> CYCLE LENGTH - 1 
1 - CYCLE LENGTH - 2 
1 1 DO NOT USE 

■ iO"R3 ENDS Vi CYCLE EARLY 



- INTERRUPT ON ROY 

- INTERRUPT ON MATCH 

- INTERRUPT ON END OF BLOCK 
• INTERRUPT ON MATCH 

AND END OF BLOCK 



Writ* Register 5 Group 

D, D, D, D, D, D, D, Do 



1 BASE REGISTER BYTE 



- READY ACTIVE LOW 

1 - REAlY ACTIVE HIGH 
CTONLY 

1 - Cl/WATT MULTIPLEXED 

STOP ON END OF BLOCK 

AUTO RESTART ON EN3 OF BLOCK 



Writ* Register 6 Group 

D, D, D, D, D, D, D, D, 



BASE REGISTER GYTE 



10 



110 1 



■ C3 - RESET 

. C7 - RESET PORT A TIMING 

> CB - RESET PORT B TIMING 



. AF - DISABLE INTERRUPTS 

< AB - ENABLE INTERRUPTS 

> A3 - RESET AND DISABLE INTERRUPTS 

< B7 - ENABLE AFTER RETI 



Writ* R*gist*r 3 Group 

D, D, D, D, D, D, 0, Dp 
| 1 | | | | | | | | BASE REGISTER BYTE 



1 - STOP ON MATCH 



J MASK BYTE(0 - COMPARE) 



I MATCH BYTE 



1 « A7 

1 » B3 



1 - 17 < 
- 63 ■ 



Lrrr 



i INITIATE READ SEQUENCE 

< FORCE REAOY 

ENABLE DMA 
DISABLE DMA 

' READ MASK FOLLOWS 

] READ MASK (1 • ENABLE) 



■ BYTE COUNTER (HIGH BYTE) 

' PORT A ADDRESS (LOW BYTE) 

■ PORT A ADDRESS (HIGH BYTE) 

■ PORT B ADDRESS (LOW BYTE) 

■ PORT B ADDRESS (HIGH BYTE) 



Figure 8b. Write Register! 
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Comments 


D7 


D« 


Ds 


D 4 


D3 


Dj 


D, 


Do 


HEX 


WRO sets DMA to receive 
block length. Port A start- 
ing address and temporarily 
sets Port B as source. 





1 

Block Length 

Upper 

Follows 


1 

Block Length 

Lower 

Follows 


1 
Port A 
Upper 
Address 
Follows 


1 

Port A 
Lower 
Address 
Follows 




B *»-A 

Temporary 

for 
Loading B 
Address* 



Transfer. 


1 
No Search 


79 


Port A address (lower) 





1 





1 














50 


Port A address (upper) 











1 














10 


Block length (lower) 


























00 


Block length (upper) 











1 














10 


WR1 delines Port A as 
memory with fixed 
incrementing address. 







No Timing 

Follows 



Address 
Changes 


1 

Address 

Increments 



Port is 
Memory 


1 








14 


WR2 defines Port B as 
peripheral with fixed 
address. 







No Timing 

Follows 


1 

Fixed 

Address 





1 

Port is 

I/O 





1 





28 


WR4 sets mode to Burst, 
sets DMA to expect Port B 
address. 


1 


1 

Burst 



Mode 




No Interrupt 

Control Byte 

Follows 



No Upper 
Address 


1 

Port B Lower 

Address 

Follows 





1 


CS 


Port B address (lower) 

















1 





1 


05 


WR5 sets Ready active High. 


1 






No Auto 
Restart 



No Wait 
States 


1 

RDY 

Active High 





1 





BA 


WR6 loads Port B address 
and resets block counter.* 


1 


1 








1 


1 


1 


1 


CF 


WRO sets Port A as source.* 










No Addres 
Lengtt 



s or Block 
Bytes 





1 
A t»B 



Transfer, 


1 
Mo Search 


05 


WR6 loads Port A address 
and resets block counter. 


1 


1 








1 


1 


1 


1 


CF 


WR6 enables DMA to start 
operation. 


1 














1 


1 


1 


87 



NOTE: The actual number of bytes transferred is one more than specified by the block length. 
'These entries are necessary only in the case of a fixed destination address. 



Figure 9. SaxnpU DMA Piogiaui 



ma osi 



Inactive In its disabled or inactive state, the DMA is 

State Timing addressed by the CPU as an I/O peripheral for 
(DMA as CPU write and read (control and status) operations. 
Peripheral) Write timing is illustrated in Figure 10. 
Reading of the DMA's status byte, byte 
counter or port address counters is illustrated 



in Figure 1 1 . These operation s requ ire less 
tha n three T-cycles. The CE, IORQ and 
RD lines are made active over two rising edges 
of CLK, and data appears on the bus approx- 
imately one T-cycle after they become active. 



IORQ 
WR 



■o 



n_n. 



5 



Figure 10. CPU-to-DMA Write Cycle 



Figure 11. CPU-to-DMA Read Cycle 



Active State Default Read and Write Cycles. By default, 
Timing and after reset, the DMA's timing of read and 

(DMA as Bus write operations is exactly the same as the Z-80 
Controller) CPU's timing of read and write cycles for 

memory and I/O peripherals, with one excep- 
tion: during a read cycle, data is latched on 
the falling edge of T3 and held on the data bus 
across the boundary between read and write 
cycles, through the end of the following write 
cycle. 

Figure 12 illustrates the timing for memory- 
to-I/O port transfers and Figure 13 illustrates 
I/O-to-memory transfers. Memory-to-memory 
and I/O-to-I/O transfer timings are simply per- 
mutations of these diagrams. 

The default timing uses three T-cycles for 
memory transactions and four T-cycles for I/O 
transactions, which include one automatically 



inserted w ait cycle between T2 and T3. If the 
CE/W AIT line is programmed to act as a 
WAIT line during the DMA's active state, it is 
sampled on the falling edge of T2 for memory 
transactions an d the fallin g edge of Tw for I/O 
transactions. If CE/WAIT is Low during this 
tim e another T-cycle is added, during which 
the CE/WAIT line will again be sampled. The 
duration of transactions can thus be indef- 
initely extended. 

Variable Cycle and Edge Timing. The Z-80 
DMA's default operation-cycle length for the 
source (read) port and destination (write) port 
can be independently programmed. This 
variable-cycle feature allows read or write 
cycles consisting of two, three or four T-cycles 
(more if Wait cycles are inserted), thereby 
increasing or decreasing the speed of all 
signals generated by the DMA. In addition, 



- MEMORY READ 

I Tj I T 3 



I Tj I Tw 



DATA BUS DRIVEN BY DMA 



Figure 12. Memory-to-I/O Transfer 
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Active Stcrts 
Timing 
(DMA as Bus 
Controller) 

(Continued) 
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Flgur* 13. I/0-to-M«mory Transiai 
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the trailing edges of the IO~R"Q~, MREQ, RD and 
WR signals can be independently terminated 
one-half cycle early. Figure 14 illustrates this. 

In the varia ble- cycle mode, unlike default 
timing, IORQ comes a ctive one-half cy cle 
before MREQ, RD and WR. CE/WAIT can be 
used to extend only the 3 or 4 T-cycle variable 
memory cycles and only the 4- cycle variable 
I/O cycle. The CE/WAIT line is sampled at the 
falling edge of T2 for 3- or 4- cycle memory 
cycles, and at the falling edge of T3 for 4-cycle 
I/O cycles. 

During transfers, data is latched on the 
clock edge causing the rising edge of RD and 
held through the end of the write cycle. 



Bus Requests. Figure 15 illustrates the bus 
request and acceptance timing. The RDY line, 
which may be programmed active High or 
Low, is sampled on every rising edge of CLK. 
If it is found to be active, and if the bus is not 
in use by any other device, th e following rising 
edg e of CLK drives BUSREQ low. After receiv- 
tag_BUSREQ the CPU acknowledges on the 
BAI input either directly or through a 
multiple-D MA d aisy chain. When a Low is 
detected on BAI for two consecutive rising 
edges of CLK, the DMA will begin transferring 
data on the next rising edge of CLK. 
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Figur* 14. VarlabU-CycU and Edg* Timing 



Flgur* 15. Bus RvquMt and Acceptance 
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Active State Bus Releas e Byte-at- a-Time. In Byte-at-a- 
Timing Time mode, BUSREQ is brought High on the 

(DMA as Bus rising edge of CLK prior to the end of each 
Controller) read cycle (search-only) or write cycle 
(Continued) (transfer and transfer/search) as illustrated in 
Figure 16. This is done regardless of the state 
of RDY. There is no possibility of confusion 
when a Z-80 CPU is used since the CPU 
cannot begin an operation until the following 
T-cycle. Most other CPUs are not bothered by 
this either, although note should be taken of it. 
The next bus re quest for the next b yte will 
come after both BUSREQ and BAI have 
returned High. 

Bus Release at End of Block. In Burst and 
Continuo us modes, an end of block causes 
BUSREQ to go High usually on the same rising 
edge of CLK in which the DMA completes the 
transfer of the data block (Figure 17). The last 
byte in the block is transferred even if RDY 
goes inactive before completion of the last byte 
transfer. 

Bus Release on Not Ready. In B urst mode , 
when RDY goes inactive it causes BUSREQ to 
go High on the next rising edge of CLK after 
the completion of its curre nt byte op eration 
(Figure 18). The action on BUSREQ is thus 
somewhat delayed from action on the RDY 
line. The DMA always completes its current 
byte operation in an orderly fashion before 

releasing the bus. 

By contrast, BUSREQ is not released in 
Continuous mode when RDY goes inactive. 



Instead, the DMA idles after completing the 
current byte operation, awaiting an active RDY 
again. 

Bus Release on Match. If the DMA is pro- 
grammed to stop on match in B urst or C on- 
tinuous modes, a match causes BUSREQ to go 
inactive on the next DMA operation, i.e., at 
the end of the next read in a search or at the 
end of the following write in a transfer (Figure 
19). Due to the pipelining scheme, matches 
are determined while the next DMA read or 
write is being performed. 

The RDY line can go inactive after the 
matching operation begins without affecting 
this bus-release timing. 

Interrupts. Timings for interrupt acknowledge 
and return from interrupt are the same as tim- 
ings for these in other Z-80 peripherals. Refer 
to Zilog Application Note 03-0041-01 (The Z-80 
Family Program Interrupt Structure). 

Interrupt on RDY (interrupt befor e request - 
ing bus) does not directly affect the BUSREQ 
line. Instead, the interrupt service routine 
must handle this by issuing the following 
commands to WR6: 

1 . Enable after Return From Interrupt (RETI) 
Command — Hex B7 

2. Enable DMA — Hex 87 

3. An RETI instruction that resets the 
Interrupt Under Service latch in the 
Z-80 DMA. 
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Figure 16. Bus Release (Byte-at-a-Time Mode) 



Figure 17. Bus Release at End of Block 
(Burst and Continuous Modes) 
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Figure 18. Bus Release When Not Ready 
(Burst Mode 1 ) 
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Figure 19. Bus Release on Match 
(Burst and Continuous Modes) 
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APPENDIX F 
FLOPPY DISK CONTROLLER (FDC) 



WESTERN DIGITAL 

CORPORATION 

WD279X02 Floppy Disk Formatter/Controller Family 



FEATURES 

• ON-CHIP PLL DATA SEPARATOR 

• ON-CHIP WRITE PRECOMPENSATION LOGIC 

• SINGLE +5V SUPPLY 

• ACCOMMODATES SINGLE AND DOUBLE DENSITY 
FORMATS 

IBM 3740 (FM) 
IBM 34 (MFM) 

• AUTOMATIC SEEK WITH VERIFY 

• MULTIPLE SECTOR READ/WRITE 

• TTL COMPATIBLE 

• PROGRAMMABLE CONTROL 

SELECTABLE TRACK-TO-TRACK ACCESS 
HEAD LOAD TIMING 

• SOFTWARE COMPATIBLE WITH THE FD179X SERIES 

• SOFT SECTOR FORMAT COMPATIBILITY 

APPLICATIONS 

8" FLOPPY AND 5V4" MINI FLOPPY CONTROLLER 
SINGLE OR DOUBLE DENSITY 
CONTROLLER/FORMATTER 



The WD279X Family are MOS/LSI devices which perform 
the functions of a Floppy Disk Controller/Formatter. Soft- 
ware compatible with its predecessor, the FD179X, the 
device also contains a high performance Phase-Lock-Loop 
Data Separator as well as Write Precompensation Logic. 

When operating in Double Density mode, Write Precom- 
pensation is automatically engaged to a value programmed 
via an external potentiometer. An on-chip VCO and phase 
comparator allows adjustable frequency range for 5 1 A " or 
8" Floppy Disk interfacing. 

The WD279X is fabricated in NMOS silicon gate technology 
and available in a 40 pin dual-in-line ceramic or plastic 
package. 



FEATURES 
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2793 


2795 


2797 


Single Density (FM) 
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X 
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Double Density (MFM) 
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True Data Bus 




X 
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Inverted Data Bus 


X 




X 




Side Select Out 






X 
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Internal CLK Divide 
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CO 
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40 
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WE C 
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39 
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CS n 
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38 
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REC 
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37 
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AOC 




36 
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A1C 
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35 
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DALOQ 
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34 
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DAL1 C 
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33 
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DAL2C 
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32 
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31 


3 


DAL4C 
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30 
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DAL5C 
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29 
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DAL6C 
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28 
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DAL7Q 
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27 
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STEPC 
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26 
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DIRCC 


16 
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24 
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RPW£ 
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MR C 
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GND C 


20 


21 


3 




Figure 1. 



PIN OUTS 



D 
10 

CO 

X 

o 



PIN 
NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


1 
19 


ENABLE PRECOMP 


ENP 
MR 


A Logic high on this input enables write precompen- 
sation to be performed on the Write Data output. 

A logic low (50 microseconds min.) on this input 
resets the device and loads HEX 03 into the com- 
mand register. The Not Ready (Status Bit 7) is reset 
during MR ACTIVE. When MR is brought to a logic 
high a RESTORE Command is executed, regardless 
of the state of the Ready signal from the drive. Also, 
HEX 01 is loaded into sector register. 


MASTER RESET 


20 


POWER SUPPLIES 


vss 


Ground 


21 




vcc 


+ 5V±5% 


COMPUTER IN 

2 

3 
4 


TERFACE: 


WE 

cs 

RE 


A logic low on this input gates data on the DAL into 
the selected register when CS is low. 

A logic low on this input selects the chip and enables 
computer communication with the device. 

A logic low on this input controls the placement of 
data from a selected register on the DAL when CS is 
low. 


WRITE ENABLE 


CHIP SELECT 


READ ENABLE 


5,6 


REGISTER SELECT LINES 


A0, A1 


These inputs select the register to receive/transfer 
data on the DAL lines under RE and WE control: 

CS A1 A0 RE WE 

Status Reg Command Reg 
1 Track Reg Track Reg 
1 Sector Reg Sector Reg 
1 1 Data Reg Data Reg 


7-14 


DATA ACCESS LINES 


DAL0-DAL7 


Eight bit bi-directional bus used for transfer of com- 
mands, status, and data These lines are inverted 
(active low) on WD2791 and WD2795. 


24 


CLOCK 


CLK 


This input requires a free-running 50% duty cycle 
square wave clock for internal timing reference, 2 
MHz ± 1% for 8" drives, 1 MHz ± 1% for mini- 
floppies. 


38 


DATA REQUEST 


DRQ 


This output indicates that the Data Register contains 
assembled data in Read operations, or the DR is 
empty in Write operations. This signal is reset when 
serviced by the computer through reading or loading 
the DR. 


39 


INTERRUPT REQUEST 


INTRQ 


This output is set at the completion of any command 
and is reset when the Status register is read or the 
Command register is written to. 


FLOPPY DISK 


NTERFACE: 






15 


STEP 


STEP 


The step output contains a pulse for each step. 


16 


DIRECTION 


DIRC 


Direction Output is active high when stepping in, 
active low when stepping out. 


17 


5V4,"8" SELECT 


5/8 


This input selects the internal VCO frequency for use 
with 5 1 /4 " drives or 8" drives. 


18 


READ PULSE WIDTH 


RPW 


An external potentiometer tied to this input controls 
the phase comparator within the data separator. 



PIN 
NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


22 


TEST 


TEST 


A logic low on this input allows adjustment of exter- 
nal resistors by enabling internal signals to appear on 
selected pins. 


23 
25 


PUMP 

ENABLE MINI-FLOPPY 
(2791,2793) 


PUMP 


High-Impedance output signal which is forced high 
or low to increase/decrease the VCO frequency. 

A logic low on this input_enables an internal +2 of 
the Master Clock when 5/8 is also at a logic 0. This 
allows both 5V4 " and 8" drive operation with a single 
2 MHz clock. For a 1 MHz clock on Pin 24, this line 
must be left open or tied to a Logic 1. 


ENMF 


25 


SIDE SELECT OUTPUT 
(2795, 2797) 


SSO 


The logic level of the Side Select Output is directly 
controlled by the 'S' flag in Type II or III commands. 
When U = 1, SSO is set to a logic 1. When U = 0, 
SSO is set to a logic 0. The SSO is compared with the 
side information in the Sector I.D. Field. If they do not 
compare Status Bit 4 (RNF) is set. The Side Select 
Output is only updated at the beginning of a Type II or 
III command. It is forced to a logic upon a MASTER 
RESET condition. 


26 
27 


VOLTAGE-CONTROLLED 
OSCILLATOR 


VCO 


An external capacitor tied to this pin adjusts the VCO 
center frequency. 

The data input signal directly from the drive. This 
input shall be a negative pulse for each recorded flux 
transition. 


RAW READ 


RAW READ 


28 


HEAD LOAD 


HLD 


The HLD output controls the loading of the Read- 
Write head against the media 


29 


TRACK GREATER 
THAN 43 


TG43 


This output informs the drive that the Read/Write 
head is positioned between tracks 44-76. This output 
is valid only during Read and Write Commands. 


30 


WRITE GATE 


WG 


This output is made valid before writing is to be 
performed on the diskette. 


31 


WRITE DATA 


WD 


A 250ns (MFM) or 500 ns (FM) output pulse per flux 
transition. WD contains the unique Address marks as 
well as data and clock in both FM and MFM formats. 


32 


READY 


READY 


This input indicates disk readiness and is sampled 
for a logic high before Read or Write commands are 
performed. If Ready is low the Read or Write 
operation is not performed and an interrupt is 
generated. Type I operations are performed regard- 
less of the state of Ready. The Ready input appears in 
inverted format as Status Register bit 7. 


33 
34 
35 


WRITE PRECOMP 
WIDTH 


WPW * 

Troo 

IP 


An external potentiometer tied to this input controls 
the amount of delay in Write precompensation mode. 

This input informs the WD279X that the Read/Write 
head is positioned over Track 00. 

This input informs the WD279X when the index hole 
is encountered on the diskette. 


TRACK 00 


INDEX PULSE 
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PIN NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


36 
37 

40 


WRITE PROTECT 


WPRT 
DDEN 

HLT 


This input is sampled whenever a Write Command is 
received. A logic low terminates the command and 
sets the Write Protect Status bit. 

This input pin selects either single or double density 


DOUBLE DENSITY 
HEAD LOAD TIMING 


operation. When DDEN = 0, double density is 
selected. When DDEN = 1, single density is 
selected. 

When a logic high is found on the HLT input the head 
is assumed to be engaged. It is typically derived from 
a 1 shot triggered by HLD. 



GENERAL DESCRIPTION 

The WD279X are N-Channel Silicon Gate MOS LSI devices 
which perform the functions of a Floppy Disk For- 
matter/Controller in a single chip implementation. The 
WD279X, which can be considered the end result of both 
the FD1771 and FD179X designs, is IBM 3740 compatible in 
single density mode (FM) and System 34 compatible in 
Double Density Mode (MFM). The WD279X contains all the 
features of its predecessor the FD179X plus a high per- 
formance Phase-Lock-Loop Data Separator as well as Write 
Precompensation Logic. In Double Density mode, Write 
Precompensation is automatically engaged to a value 
programmed via an external potentiometer. In order to 
maintain compatibility, the FD1771, FD179X and WD279X 
designs were made as close as possible with the computer 
interface, instruction set, and I/O registers being identical. 
Also, head load control is identical. In each case, the actual 
pin assignments vary by only a few pins from any one to 
another. 

The processor interface consists of an 8-bit bi-directional 
bus for data, status, and control word transfers. The 
WD279X is set up to operate on a multiplexed bus with 
other bus-oriented devices. 

The WD279X is TTL compatible on all inputs and outputs. 
The outputs will drive one TTL load or three LS loads. The 
2793 is identical to the 2791 except the DAL lines are TRUE 
for systems that utilize true data busses. 

The 2795/7 has a side select output for controlling double 
sided drives. 

ORGANIZATION 

The Floppy Disk Formatter block diagram is illustrated on 
page 5. The primary sections include the parallel processor 
interface and the Floppy Disk interface. 

Data Shift Register — This 8-bit register ass embles serial 
data from the Read Data input (RAW READ) during Read 
operations and transfers serial data to the Write Data 
output during Write operations. 

Data Register — This 8-bit register is used as a holding 
register during Disk Read and Write operations in Disk 
Read operations the assembled data byte is transferred in 
parallel to the Data Register from the Data Shift Register. In 
Disk Write operations information is transferred in parallel 
from the Data Register to the Data Shift Register. 

When executing the Seek command the Data Register 
holds the address of the desired Track position. This 



register is loaded from the DAL and gated onto the DAL 
under processor control. 

Track Register — This 8-bit register holds the track number 
of the current Read/Write head position. It is incremented 
by one every time the head is stepped in (towards track 76) 
and decremented by one when the head is stepped out 
(towards track 00). The contents of the register are com- 
pared with the recorded track number in the ID field during 
disk Read, Write and Verify operations. The Track Register 
■ can be loaded from or transferred to the DAL This Register 
should not be loaded when the device is busy. 
Sector Register (SR) — This 8-bit register holds the address 
of the desired sector position. The contents of the register 
are compared with the recorded ^sector number in the ID 
field during disk Read or Write operations. The Sector 
Register contents can be loaded from or transferred to the 
DAL This register should not be loaded when the device is 
busy. 

Command Register (CR) — This 8-bit register holds the 
command presently being executed. This register should 
not be loaded when the device is busy unless the new 
command is a force interrupt. The command register can 
be loaded from the DAL, but not read onto the DAL. 
Status Register (STR) — This 8-bit register holds device 
Status information. The meaning of the Status bits is a 
function of the type of command previously executed. This 
register can be read onto the DAL, but not loaded from the 
DAL 

CRC Logic — This logic is used to check or to generate the 
16-bit Cyclic Redundancy Check (CRC). The polynomial is: 
G(x) = x16 + x 12 + x 5 + 1. 

The CRC includes all information starting with the address 
mark and up to the CRC characters. The CRC register is 
preset to ones prior to data being shifted through the 
circuit. 

Arithmetic/Logic Unit (ALU) — The ALU is a serial compara- 
tor, incrementer, and decrementer and is used for register 
modification and comparisons with the disk recorded ID 
field. 

Timing and Control — All computer and Floppy Disk in- 
terface controls are generated through this logic. The in- 
ternal device timing is generated from an external crystal 
clock. 

AM Detector — The address mark detector detects ID, data 
and index address marks during read and write operations. 
Write Precompensation — enables write precompensation 
to be performed on the Write Data output. 
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WD279X BLOCK DIAGRAM 



Data Separator — a high performance Phase-Lock-Loop 
Data Separator with on-chip VCO and phase comparator 
allows adjustable frequency range for 5Va" or 8" Floppy 
Disk interfacing. 

PROCESSOR INTERFACE 

The interface to the processor is accomplished through the 
eight Data Access Lines (DAL) and associated control 
signals. The DAL are used to transfer Data, Status, and 
Control words out of, or into the WD279X. The DAL are 
three state buffers that are enabled as output drivers when 
Chip Select (CS) and Read Enable (RE)_are active (low logic 
state) or act as input receivers when CS and Write Enable 
(WE) are active. 

When transfer of data with the Floppy Disk Controller is 
required by the host processor, the device address is 
decoded and CS is made lowThe address bits A1 and A0, 
combined with the signals RE during a Read operation or 
WE during a Write operation are interpreted as selecting 
the following registers: 



A1 - A0 



READ (RE) 



WRITE (WE) 



Status Register 

1 Track Register 

1 Sector Register 
1 1 Data Register 



Command Register 
Track Register 
Sector Register 
Data Register 



During Direct Memory Access (DMA) types of data trans- 
fers between the Data Register of the WD279X and the 
processor, the Data Request (DRQ) output is used in Data 
Transfer control. This signal also appears as status bit 1 
during Read and Write operations. 

On Disk Read operations the Data Request is activated (set 
high) when an assembled serial input byte is transferred in 
parallel to the Data Register. This bit is cleared when the 
Data Register is read by the processor. If the Data Register 
is read after one or more characters are lost, by having new 
data transferred into the register prior to processor readout, 
the Lost Data bit is set in the Status Register. The Read 
operation continues until the end of sector is reached. 

On Disk Write operations the data Request is activated 
when the Data Register transfers its contents to the Data 
Shift Register, and requires a new data byte. It is reset when 
the Data Register is loaded with new data by the processor. 
If new data is not loaded at the time the next serial byte is 
required by the Floppy Disk, a byte of zeroes is written on 
the diskette and the Lost Data bit is set in the Status 
Register. 

At the completion of every command an INTRQ is 
generated. INTRQ is reset by either reading the status 
register or by loading the command register with a new 
command. In addition, INTRQ is generated if a Force In- 
terrupt command condition is met. 
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ro 



The 279 X has two modes of operati on according to the 
state of DDEN (Pin 37). When DDEN = 1, Single Density 
(FM) is selected. When DDEN = 0, Double Density (MFM) 
is selected. In either case, the CLK input (Pin 24) is set at 2 
MHz for 8" drives or 1 MHz for 5Va " drives. 



On the 2791/2793, the ENMF input (Pin 25) can be used for 
controlling b oth 5Vt " and 8" drives with a single 2 MHz 
clock. When ENM F = , an internal + 2 of the CLK is 
performed. When ENMF = 1, no divide takes place. This 
allows the use of a 2 MHz clock for both 5Va" and 8" 
configurations. 

The interna! VCO frequency must also be set to the proper 
value. The 5/8 input (Pin 17) is used to select data separator 
operation by internally dividing the Read Clock. When 5/8 
= 0, 5 1 /»" data separation is selected; when 5/8 = 1, 8" 
drive data separation is selected. 



CLOCK (24) 


ENMF (25) 


5/8(17) 


DRIVE 


2 MHz 
2 MHz 
1MHz 


1 

1 


1 




8" 

5V 4 " 
51/4" 



Note: All other conditions invalid. 

FUNCTIONAL DESCRIPTION 

The WD279X-02 is software compatible with the FD179X-02 
series of Floppy Disk Controllers. Commands, status, and 
data transfers are performed in the same way. Software 
generated for the 179X can be transferred to a 279X system 
without modification. 

In addition to the 179X, the 279X contains an interna l Data 
Separator and Write precompensation circuit. The TEST 
(Pin 22) line is used t o adjus t both data separator and pre- 
compensation. When TEST = 0, the WD (Pin 31) line is 
internally connected to the output of the write precomp 
one-shot. Adjustment of the WPW (Pin 33) line can then be 
accomplished. A second one-shot tracks the precomp set- 
ting at approximately 3:1 to insure adequate Write Data 
pulse widths to meet drive specifications. 

Similarly, Data separation is also adjusted with TEST = 0. 
The TG43 (Pin 29) line is internally connected to the output 
of the read data one-shot, which is adjusted via the RPW 
(Pin 18) line. The DIRC (Pin 16) line contains the Read Clock 
output (.5 MHz for 8" drives). The VCO Trimming capacitor 
(Pin 26) is adjusted for center frequency. 

Internal timing signals are used to generate pulses during 
the adjustment mode so that these adju stmen ts can be 
made while the device is in-circuit. The TEST line also 
contains a pull-up resistor, so adjustm ents can be per- 
formed sim ply by grounding the TEST pin, overriding the 
pull-up. The TEST pin cannot be used to disable stepping 
rates during operation as its function is quite different from 
the179X. 

Other pins on the device also include pull-up resistors and 
may be l eft open to sat isfy a Logic 1 condition. These are: 
ENP, 5/8, ENMF, WPRT, and DDEN. 

GENERAL DISK READ OPERATIONS 

Sector lengths of 128, 256, 512 or 1024 are o btainable in 
either FM or MFM formats. For FM, DDEN should be 
placed to logical "1." For MFM formats, DDEN should be 



Sector Length Table* 



Sector Length 
Field (hex) 



Number of Bytes 
inSector(decimal) 



00 
01 
02 
03 



128 

256 

512 

1024 



* 2795/97 may vary — see command summary. 

placed to a logical "0." Sector lengths are determined at 
format time by the fourth byte in the "ID" field. 

The number of sectors per track as far as the 279X is con- 
cerned can be from 1 to 255 sectors. The number of tracks 
as far as the 279X is concerned is from to 255 tracks. For 
IBM 3740 compatibility, sector lengths are 128 bytes with 26 
sectors per track. For System 34 compatibility (MFM), 
sector lengths are 256 bytes/sector with 26 sectors/track; or 
lengths of 1024 bytes/sector with 8 sectors/track. 

GENERAL DISK WRITE OPERATION 

When writing is to take place on the diskette the Write Gate 
(WG) output is activated, allowing current to flow into the 
Read/Write head. As a precaution to erroneous writing the 
first data byte must be loaded into the Data Register in 
response to a Data Request from the 279X before the Write 
Gate signal can be activated. 



Writing is inhibited when the Write Protect input is a logic 
low, in which case any Write command is immediately 
terminated, an interrupt is generated and the Write Protect 
status bit is set. 

For write operations, the 279X provides Write Gate (Pin 30) 
and Write Data (Pin 31) outputs. Write data consists of a 
series of pulses set to a width approximately three times 
greater than the precomp adjustment. Write Data provides 
the unique address marks in both formats. 

READY 

Whenever a Read or Write command (Type II or III) is 
received the 297X samples the Ready input. If this input is 
logic low the command is not executed and an interrupt is 
generated. All Type I commands are performed regardless 
of the state of the Ready input. Also, whenever a Type II or 
III command is received, the TG43 signal output is updated. 
TG43 may be tied to ENP to enable write precompensation 
on tracks 44-76. 

COMMAND DESCRIPTION 

The WD279X will accept eleven commands. Command 
words should only be loaded in the Command Register 
when the Busy status bit is off (Status bit 0). The one ex- 
ception is the Force interrupt command. Whenever a 
command is being executed, the Busy status bit is set. 
When a command is completed, an interrupt is generated 
and the Busy status bit is reset. The Status Register in- 
dicates whether the completed command encountered an 
error or was fault free. For ease of discussion, commands 
are divided into four types. Commands and types are 
summarized in Table 1. 









TABLE 1. 


COMMAND SUMMARY 




A. Commands for Models: 2791 , 2793 














B. Commands for Models: 2795, 2797 












Bits 








Bits 




Type Command 


7 


6 


5 


4 


3 


2 


1 





7 6 5 4 3 2 1 





I Restore 














h 


V 


n 


ro 


h V M 


ro 


I Seek 











1 


h 


V 


'1 


ro 


1 h v n 


ro 


I Step 








1 


T 


h 


V 


n 


ro 


. 1 T h V 1 


ro 


I Step-in 





1 





T 


h 


V 


M 


ro 


1 T h V M 


ro 


I Step-out 





1 


1 


T 


h 


V 


n 


ro 


1 1 T h v n 


ro 


II Read Sector 










m 


S 


E 


c 





1 m L E U 





II Write Sector 







1 


m 


S 


E 


c 


ao 


1 1 m L E U 


ao 


III Read Address 




1 











E 








1 1 E U 





III Read Track 




1 


1 








E 








1 1 1 E U 





III Write Track 




1 


1 


1 





E 








1 1 1 1 E U 





IV Force Interrupt 




1 





1 


"3 


l2 


h 


io 


1 1 1 >3 l2 h 


io 
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FLAG SUMMARY 



TABLE Z FLAG SUMMARY 



Command 
Type 


Bit 
No(s) 




Description 


I 


0,1 


M ro = Stepping Motor Rate 
See Table 3 for Rate Summary 






I 


2 


V = Track Number Verify Flag 


V = 0, No verify 

V = 1, Verify on destination track 




I 


3 


h = Head Load Flag 


h = 0, Unload head at beginning 
h = 1, Load head at beginning 




I 


4 


T = Track Update Flag 


T = 0, No update 

T = 1, Update track register 




II & III 





a = Data Address Mark 


30=0, FB(DAM) 

ao= 1,F8 (deleted DAM) 




II 


1 


C = Side Compare Flag 


C = 0, Disable side compare 
C = 1, Enable side compare 




II & III 


1 


U = Update SSO 


U = 0, Update SSO toO 
U = 1, Update SSO to 1 




II & III 


2 


E = 15 MS Delay 


E = 0, No. 15 MS delay 

E = 1,1 5 MS delay (30 MS fori MHz) 




II 
II 

II 


3 
3 

4 


S = Side Compare Flag 
L = Sector Length Flag 


S = 0, Compare for side 
S = 1, Compare for side 1 




LSB's Sector Length in ID Field 
00 01 10 11 


L = 256 512 1024 


128 


L = 1 128 256 512 


1024 


m = Multiple Record Flag 


m = 0, Single record 
m = 1, Multiple records 




IV 


0-3 


•x = Interrupt Condition Flags 

'0 =1 Not Ready To Ready Transition 

'1 =1 Ready To Not Ready Transition 

'2 = 1 1ndex Pulse 

I3 =1 Immediate Interrupt, Requires A Reset* 

I3-IC = Terminate With No Interrupt (INTRQ) 





' NOTE: See Type IV Command Description for further information. 
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Write Precompensation 

When operating in Double Density mode (DDEN = 0), the 
279X has the capability of providing a user-defined 
precompensation value for Write Data An external 
potentiometer (10K) tied to the WPW signal (Pin 33) allows a 
setting of 100 to 300 ns from nominal. 

Setting the W rite precomp value is accomplished by for- 
cing the TEST line (Pin 22) to a Logic 0. A stream of pulses 
can then be seen on the Write Data (Pin 31) line. Adjust the 
WPW Potentiometer for the desired pulse width. This 
adjustment may be pe rforme d in-circuit since Write Gate 
(Pin 30) is inactive while TEST = 0. 

Data Separation 

The 279X can operate with either an external data separator 
or its own internal recovery circuits. The condition of the 
TEST line (Pin 22) in conjunction with MR (Pin 19) will select 
internal or external mode. 

To program th e 279X for external VCO, a MR pulse must be 
applied while TEST = 0. A clock equivalent to eight times 
the data rate (e.g., 4.0 MHz for 8" Double Density) is applied 
to the VCO input (Pin 26). The feedback reference voltage is 
available on the Pump out put (P in 23) for external in- 
tegration to control the VCO. TEST is returned to a L ogic 1 
for normal operation. Note: To maintain this mode, TEST 
must be held low whenever MR is applied. 

For internal VCO operation, the TEST line must be high 
during the MR pulse, then set to a Logic for the ad- 
justment procedure. 

A 50K Potentiometer tied to the RPW input (Pin 18) is used 
to set the internal Read Data pulse for proper phasing. With 
a scope on Pin 29 (TG43), adjust the RPW pulse for 1/8 of 
the data rate (250 ns for 8" Double Density). An external 
variable capacitor of 5-60 pf is tied to the VCO input (Pin 26) 
for adjusting center frequency. With a frequency counter 
on Pin 16 (DIRC) adjust the trimmer cap to yield the ap- 
propria te Data Rate (500 KHz for 8" Double Density). The 
DDEN line must be low while the 5/8 line is held high or the 
adjustment times above will be doubled. 



After adjustments have been made, the TEST pin is 
returned to a Logic 1 and the device is ready for operation. 
Adjustments may be made in-circuit since the DIRC and 
TG43 lines may toggle without affecting the drive. 

The PUMP output (Pin 23) consists of positive and negative 
pulses, which their duration is equivalent to the phase 
difference of incoming Data vs. VCO frequency. This signal 
is internally connected to the VCO input, but a Filter is 
needed to connect these pulses to a slow moving DC 
voltage. 

The internal phase-detector is unsymmetrical for a random 
distribution of data pulses by a factor of two, in favor of a 
PUMP UP condition. Therefore, it is desirable to have a 
PUMP DOWN twice as responsive to prevent run-away 
during a lock attempt. 

A first order lag-lead filter can be used at the PUMP output 
(Pin 23). This filter controls the instantaneous response of 
the VCO to bit-shifted data (jitter) as well as the response to 
normal frequency shift, i.e., the lock-up time. A balance 
must be accomplished between the two conditions to 



dV = 



inhibit over-responsiveness to jitter and to prevent an 
extremely wide lock-up response, leading to PUMP run- 
away. The filter affects these two reactions in mutually 
opposite directions. 

The Source Impedance for a PUMP UP/DOWN condition is 
600/120 ohms, respectively, therefore the change in bias 
voltage for each pump can be approximated: 

dtAV dt = 250 ns. (set by RPW) 

RC C = O.Vf 

R = RS + R 
AV= 2.6 V for PUMP UP 

0.9V for PUMP DOWN 

Look up response (TO is the transient time for the Loop to 
lock from center frequency (Fo) to maximum lock range: 

Tl = 10%Fi_xKoxaP 
Where: 
Ko = VCO Conversion Gain = 3.7KHz/mV 
Fl = Lock Range = 4.00 MHz 
A P = Change in Bias for each Pump = 4 mV/PUMP 

400 KHz x 3.7 KHz x 4 mV = 27 pumps 
27 pumps = 54>*sec = 3.4 Byte times (8" Double Density) 

The following Filter Circuit is recommended for 8" 

FM/MFM: 

PUMP <- 
(PIN 23) 

1KQ^ -*:iN914 



Since 5Va " Drives operate at exactly one-half the data rate 
(250 Kb/sec) the above capacitor should be doubled to .2 or 
J22p1. 

TYPE I COMMANDS 

The Type I Commands include the Restore, Seek, Step, 
Step-in, and Step-Out commands. Each of the Type I 
Commands contains a rate field (rg r-)), which determines 
the stepping motor rate as defined in Table 3. 

A 2^s (MFM) or 4 ^s (FM) pulse is provided as an output to 
the drive. For every step pulse issued, the drive moves one 
track location in a direction determined by the direction 
output. The chip will step the drive in the same direction it 
last stepped unless the command changes the direction. 

The Direction signal is active high when stepping in and 
low when stepping out. The Direction signal is valid 12 us 
before the first stepping pulse is generated. 

The rates (shown in Table 3) can be applied to a Step- 
Direction Motor through the device interface. 






TABLE 3 


STEPPING RATES 




CLK 




2 MHz 


1MHz 


R1 R0 




TEST = 1 


TEST = 1 







3 ms 


6 ms 


1 




6 ms 


12 ms 


1 




10 ms 


20 ms 


1 1 




15 ms 


30 ms 



After the last directional step an additional 15 milliseconds 
of head settling time takes place if the Verify flag is set in 
Type I commands. Note that this time doubles to 30 ms for 



a 1 MHz clock. There is also a 15 ms head settling time if 
the E flag is set in any Type II or III command. 

When a Seek, Step or Restore command is executed an 
optional verification of Read-Write head position can be 
performed by setting bit 2 (V = 1) in the command word to 
a logic 1. The verification operation begins at the end of the 
15 millisecond settling time after the head is loaded against 
the media The track number from the first encountered ID 
Field is compared against the contents of the Track 
Register. If the track numbers compare and the ID Field 
Cyclic Redundancy Check (CRC) is correct, the verify 
operation is complete and an INTRQ is generated with no 
errors. If there is a match but not a valid CRC, the CRC error 
status bit is set (Status bit 3), and the next encountered ID 
field is read from the disk for the verification operation. 

The WD279X must find an ID field with correct track 
number and correct CRC within 5 revolutions of the media; 
otherwise the seek error is set and an INTRQ is generated. 
If V = 0, no verification is performed. 

The Head Load (HLD) output controls the movement of the 
read/write head against the media. HLD is activated at the 
beginning of a Type I command if the h flag is set(h = 1), at 
the end of the Type I command if the verify flag (V = 1), or 
upon receipt of any Type II or III command. Once HLD is 
active it remains active until either a Type I command is 
received with (h = and V = 0); or if the 279X is in an idle 
state (non-busy) and 15 index pulses have occurred. 

Head Load timing (HLT) is an input to the 279X which is 
used for the head engage time. When HLT = 1, the 279X 
assumes the head is completely engaged. The head 
engage time is typically 30 to 100 ms depending on drive. 
The low to high transition on HLD is typically used to fire a 
one shot. The output of the one shot is then used for HLT 
and supplied as an input to the 279X. 



HLT [FROM ONE SHOT) 



HEAD LOAD TIMING 

When both HLD and HLT are true, the 279X willthen read 
from or write to the media. The "and" of HLD and HLT ap- 
pears as status Bit 5 in Type I status. 

In summary for the Type I commands: if h = and V = 0, 
HLD is reset. If h = 1 and V = 0, HLD is set at the 
beginning of the command and HLT is not sampled nor is 
there an internal 15 ms delay. If h = and V = 1, HLD is set 
near the end of the command, an internal 15 ms occurs, 
and the 279X waits for HLT to be true. If h = 1 and V = 1, 
HLD is set at the beginning of the command. Near the end 
of the command, after all the steps have been issued, an 
internal 15 ms delay occurs and the 279X then waits for HLT 
to occur. 

For Type II and III commands with E flag off, HLD is made 
active and HLT is sampled until true. With E flag on, HLD is 
made active, an internal 15 ms delay occurs and then HLT is 
sampled until true. 



RESTORE (SEEK TRACK 0) 

Upon receip t of th is command the Track 00 (TR00) input is 
sampled. If TROO is active low indicating the Read-Write 
head is positioned over track 0, the Track Regi ster is loaded 
with zeroes and an interrupt is generated. If TROO is not 
active low, stepping pulses (pins 15 to 16) at a rate specified 
by the r 1 r field are issued until the TROO input is activated. 
At this time the Track Regist er is l oaded with zeroes and an 
interrupt is generated. If the TROO input does not go active 
low after 255 stepping pulses, the 279X terminates 
operation, interrupts, and sets the Seek error status bit. A 
verification operation takes place if the V flag is set. The h 
bit allows the head to be loaded at the start of command. 
Note that the Restore command is executed when MR 
goes from an active to an inactive state. 
SEEK 

This command assumes that the Track Register contains 
the track number of the current position of the Read-Write 
head and the Data Register contains the desired track 
number. The WD279X will update the Track register and 
issue stepping pulses in the appropriate direction until the 
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TYPE I COMMAND FLOW 

contents of the Track register are equal to the contents of 
the Data Register (the desired track location). A verification 
operation takes place if the V flag is on. The h bit allows the 
head to be loaded at the start of the command. An interrupt 
is generated at the completion of the command. Note: 
When using multiple drives, the track register must be 
updated for the drive selected before seeks are issued. 

STEP 

Upon. receipt of this command, the 279X issues one 
stepping pulse to the disk drive. The stepping motor 
direction is the same as in the previous step command. 
After a delay determined by the r 1 r field, a verification 
takes place if the V flag is on. If the T flag is on, the Track 
Register is updated. The h bit allows the head to be loaded 
at the start of the command. An interrupt is generated at 
the completion of the command. 

STEP-IN 

Upon receipt of this command, the 279X issues one 
stepping pulse in the direction towards track 76. If the T 
flag is on, the Track Register is incremented by one. After a 
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TYPE I COMMAND FLOW 

delay determined by the r 1 r field, a verification takes place 
if the V flag is on. The h bit allows the head to be loaded at 
the start of the command. An interrupt is generated at the 
completion of the command. 

STEP-OUT 

Upon receipt of this command, the 279X issues one 
stepping pulse in the direction towards track 0. If the T flag 
is on, the Track Register is decremented by one. After a 
delay determined by the r 1 r field, a verification takes place 
if the V flag is on. The h bit allows the head to be loaded at 
the start of the command. An interrupt is generated at the 
completion of the command. 

EXCEPTIONS 

On the 2795/7 devices, the SSO output is not affected 

during Type I commands, and an internal side compare 

does not take place when the (V) Verify Flag is on. 

TYPE II COMMANDS 

The Type II Commands are the Read Sector and Write 

Sector commands. Prior to loading the Type II Command 

into the Command Register, the computer must load the 



Sector Register with the desired sector number. Upon 
receipt of the Type II command, the busy status Bit is set. If 
the E flag = 1 (this is the normal case) HLD is made active 
and HLT is sampled after a 15 msec delay. If the E flag is 0, 
the head is loaded and HLT sampled with no 15 msec delay. 

When an ID field is located on the disk, the 279X compares 
the Track Number on the ID field with the Track Register. If 
there is not a match, the next encountered ID field is read 
and a comparison is again made. If there was a match, the 
Sector Number of the ID field is compared with the Sector 
Register. If there is not a Sector match, the next en- 
countered ID field is read off the disk and comparisons 
again made. If the ID field CRC is correct, the data field is 
then located and will be either written into, or read from. 
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TYPE II COMMAND 

depending upon the command. The 279X must find an ID 
field with a Track number, Sector number, side number, and 
CRC within 5 revolutions of the disk; otherwise, the Record 
not found status bit is set (Status bit 4) and the command is 
terminated with an interrupt. 

Each of the Type II Commands contains an (m) flag which 
determines if multiple records (sectors) are to be read or 
written, depending upon the command. If m = 0, a single 
sector is read or written and an interrupt is generated at the 
completion of the command. If m = 1, multiple records are 
read or written with the sector register internally updated 
so that an address verification can occur on the next 
record. The 279X will continue to read or write multiple 
records and update the sector register in numerical 
ascending sequence until the sector register exceeds the 
number of sectors on the track or until the Force Interrupt 
command is loaded into the Command Register, which 
terminates the command and generates an interrupt. 

For example: If the 279X is instructed to read sector 27 and 
there are only 26 on the track, the sector register exceeds 
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TYPE II COMMAND 

the number available. The 279X will search for 5 disk 
revolutions, interrupt out, reset busy, and set the record not 
found status bit. 

The Type II commands for 2791-93 also contain side select 
compare flags. When C = (Bit 1) no side comparison is 
made. When C = 1, the LSB of the side number is read off 
the ID Field of the disk and compared with the contents of 
the (S) flag (Bit 3). If the S flag compares with the side 
number recorded in the ID field, the 279X continues with 
the ID search. If a comparison is not made within 5 index 
pulses, the interrupt line is made active and the Record- 
Not-Found status bit is set. 

The Type II and III commands for the 2795-97 contain a side 
select flag (Bit 1). When U = 0, SSO is updated to 0. 
Similarly, U = 1 updates SSO to 1. The chip compares the 
SSO to the ID field. If they do not compare within 5 
revolutions the interrupt line is made active and the RNF 
status bit is set. 

The 2795/7 READ SECTOR and WRITE SECTOR com- 



WRITE SECTOR 
SEQUENCE 



/iNTRQ RESET BUSY ^ 




TYPE II COMMAND 

mands include a V flag. The 'U flag, in conjunction with 
the sector length byte of the ID Field, allows different byte 
lengths to be implemented in each sector: For IBM com- 
patibility, the 'U flag should be set to a one. 

READ SECTOR 

Upon receipt of the Read Sector command, the head is 
loaded, the Busy status bit set, and when an ID field is 
encountered that has the correct track number, correct 
sector number, correct side number, and correct CRC, the 
data field is presented to the computer. The Data Address 
Mark of the data field must be found within 30 bytes in 
single density and 43 bytes in double density of the last ID 
field CRC byte; if not, the ID field search is repeated. 

When the first character or byte of the data field has been 
shifted through the DSR, it is transferred to the DR, and 
DRQ is generated. When the next byte is accumulated in 
the DSR, it is transferred to the DR and another DRQ is 
generated. If the Computer has not read the previous 
contents of the DR before a new character is transferred 



that character is lost and the Lost Data Status bit is set. 
This sequence continues until the complete data field has 
been inputted to the computer. If there is a CRC error at the 
end of the data field, the CRC error status bit is set, and the 
command is terminated (even if it is a multiple sector 
command). 

At the end of the Read operation, the type of Data Address 
Mark encountered in the data field is recorded in the Status 
Register (Bit 5) as shown: 

STATUS 
BIT 5 

1 Deleted Data Mark 

Data Mark 

WRITE SECTOR 

Upon receipt of the Write Sector command, the head is 
loaded (HLD active) and the Busy status bit is set. When an 
ID field is encountered that has the correct track number, 
correct sector number, correct side number, and correct 
CRC, a DRQ is generated. The 279X counts off 11 bytes in 
single density and 22 bytes in double density from the CRC 
field and the Write Gate (WG) output is made active if the 
DRQ is serviced (i.e., the DR has been loaded by the 
computer). If DRQ has not been serviced, the command is 
terminated and the Lost Data status bit is set. If the DRQ 
has been serviced, the WG is made active and six bytes of 
zeroes in single density and 12 bytes in double density are 
then written on the disk. At this time the Data Address 
Mark is then written on the disk as determined by the ao 
field of the command as shown below: 



ao 



Data Address Mark (Bit 0) 



1 Deleted Data Mark 

Data Mark 

The 279X then writes the data field and generates DRQ's to 
the computer. If the DRQ is not serviced in time for con- 
tinuous writing the Lost Data Status Bit is set and a byte of 
zeroes is written on the disk. The command is not ter- 
minated. After the last data byte has been written on the 
disk, the two-byte CRC is computed internally and written 
on the disk followed by one bye of FE in FM or in MFM. The 
WG output is then deactivated. For a 2 MHz clock the 
INTRQ will set 8 to 12 ^isec after the last CRC byte is 
written. For partial sector writing, the proper method is to 
write the data and fill the balance with zeroes. By letting the 
chip fill the zeroes, errors may be masked by the lost data 
status and improper CRC Bytes. 

TYPES III COMMANDS 
READ ADDRESS 

Upon receipt of the Read Address command, the head is 
loaded and the Busy Status Bit is set. The next en- 
countered ID field is then read in from the disk, and the six 
data bytes of the ID field are assembled and transferred to 
the DR, and a DRQ is generated for each byte. The six bytes 
of the ID field are shown below: 



TRACK 
ADDR 


SIDE 
NUMBER 


SECTOR 
ADDRESS 


SECTOR 
LENGTH 


CRC 

1 


CRC 
2 


1 


2 


3 


4 


5 


6 




< INTRO } 

BESET BUSY J 







NO' 


yT HAS 

S 15 MS 

* — EXPIRE 

^>v 7 




*J Y 


NO 


IS 









G 




SET INTRO 
LOST DATA 
RESET BUSY 





o 

to 

s 

I 

O 
IO 



Although the CRC characters are transferred to the 



TYPE III COMMAND WRITE TRACK 

computer, the 279X checks for validity and the CRC error 
status bit is set if there is a CRC error. The Track Address of 
the ID field is written into the sector register so that a 
comparison can be made by the host. At the end of the 
operation an interrupt is generated and the Busy Status is 
reset. 

READ TRACK 

Upon receipt of the READ track command, the head is 
loaded, and the Busy Status bit is set. Reading starts with 
the leading edge of the first encountered index pulse and 
continues until the next index pulse. All Gap, Header, and 
data bytes are assembled and transferred to the data 
register and DRQ's are generated for each byte. The ac- 



o 

ro 

CD 

X 

6 
10 



(= 



RQ RESET BUSY 



C? 



WRITE fO FE OR 
FS FB CLK C7 
INITIALIZE CRC 




WRITE Al* IN MFM 
WITH MISSING CLOCK 
INITIALIZE CRC 



TYPE III COMMAND WRITE TRACK 



cumulation of bytes is synchronized to each address mark 
encountered. An interrupt is generated at the completion of 
the command. 

This command has several characteristics which make it 
suitable for diagnostic purposes. They are: no CRC 
checking is performed; gap information is included in the 
data stream; the internal side compare is not performed; 
and the address mark detector is on for the duration of the 
command. Because the A.M. detector is always on, write 
splices or noise may cause the chip to look for an A.M. If an 
address mark does not appear on schedule with the Lost 
Data status flag being set. 

The ID A.M., ID field, ID CRC bytes, DAM, Data and Data 
CRC Bytes for each sector will be correct. The Gap Bytes 
may be read incorrectly during write-splice time because of 
synchronization. 

WRITE TRACK FORMATTING THE DISK 

(Refer to section on Type III commands for flow diagrams.) 

Formatting the disk is a relatively simple task when operat- 
ing programmed I/O or when operating under DMA with a 
large amount of memory. Data and gap information must be 
provided at the computer interface. Formatting the disk is 
accomplished by positioning the R/W head over the de- 
sired track number and issuing the Write Track command. 

Upon receipt of the Write Track command, the head is 
loaded and the Busy Status bit is set. Writing starts with 
the leading edge of the first encountered index pulse and 
continues until the next index pulse, at which time the 
interrupt is activated. The Data Request is activated im- 
mediately upon receiving the command, but writing will not 
start until after the first byte has been loaded into the Data 
Register. If the DR has not been loaded by the time the 
index pulse is encountered the operation is terminated 
making the device Not Busy, the Lost Data Status Bit is set, 
and the interrupt is activated. If a byte is not present in the 
DR when needed, a byte of zeroes is substituted. 

This sequence continues from one index mark to the next 
index mark. Normally, whatever data pattern appears in the 
data register is written on the disk with a normal clock 
pattern. However, if the 279X detects a data pattern of F5 
thru FE in the data register, this is interpreted as data ad- 
dress marks with missing clocks or CRC generation. 

The CRC generator is initialized when any data byte from 
F8 to FE is about to be transferred from the DR to the DSR 



CONTROL BYTES FOR INITIALIZATION 



. DATA PATTERN 
IN DR(HEX) 


WD279X INTERPRETATION 


WD279X INTERPRETATION 


IN FM (DDEN = 1) 


IN MFM (DDEN = 0) 


00 thru F4 


Write 00 thru F4 with CLK = FF 


Write 00 thru F4, in MFM 


F5 


Not Allowed 


Write A1 * in MFM, Preset CRC 


F6 


Not Allowed 


WriteC2**inMFM 


F7 


Generate 2 CRC bytes 


Generate 2 CRC bytes 


F8 thru FB 


Write F8 thru FB, Clk = C7, Preset CRC 


Write F8 thru FB, in MFM 


FC 


Write FC with Clk = D7 


Write FC in MFM 


FD 


Write FD with Clk = FF 


Write FD in MFM 


FE 


Write FE, Clk = C7, Preset CRC 


Write FE in MFM 


FF 


Write FF with Clk = FF 


Write FF in MFM 



' Missing clock transition between bits 4 and 5 



' Missing clock transition between bits 3 and 4 



or by receipt of F5 in MFM. An F7 pattern will generate two 
CRC characters in FM or MFM. As a consequence, the 
patterns F5 thru FE must not appear in the gaps, data 
fields, or ID fields. Also, CRC's must be generated by an F7 
pattern. 

Disks may be formatted in IBM 3740 or System 34 formats 
with sector lengths of 128, 256, 512, or 1024 bytes. 

TYPE IV COMMANDS 

The Forced Interrupt command is generally used to ter- 
minate a multiple sector read or write command or to in- 
sure Type I status in the status register. This command can 
be loaded into the command register at any time. If there is 
a current command under execution (busy status bit set) 
the command will be terminated and the busy status bit 



reset. 

The lower four bits of the command determine the condi- 
tional interrupt as follows: 

'O = Not-Ready to Ready Transition 
h = Ready to Not-Ready Transition 
'2 = Every Index Pulse 
'3 = Immediate Interrupt 

The conditional interrupt is enabled when the correspond- 
ing bit positions of the command ('3 - '0) are set to a 1. 
Then, when the condition for interrupt is met, the INTRQ 
line will go high signifying that the condition specified has 
occurred. If >3 - '0 are all set to zero (HEX DO), no interrupt 
will occur but any command presently under execution will 
be immediately terminated. When using the immediate 



O 
io 

■>! 
CO 

X 

6 
ro 



C 



J 



SET BUSY 

RESET STATUS 

BITS 2. 4. 5 




3 





9 





J 



IS OR ^V, 


NO 




SET LOST 
DATA BIT 








JYES 







TYPE III COMMAND 

Read Track/Address 



D 

ro 

CO 

X 

6 
ro 



interrupt condition '3 = 1), an interrupt will be immediately 
generated and the current command terminated. Reading 
the status or writing to the command register will not auto- 
matically clear the interrupt. The HEX DO is the only com- 
mand that will enable the immediate interrupt (HEX D8) to 
clear on a subsequent load command register or read sta- 
tus register operation. Follow a HEX D8 with DO command. 

Wait 8 micro sec (double density) or 16 micro sec (single 
density) before issuing a new command after issuing a 
forced interrupt (times double when clock = 1 MHz). 
Loading a new command sooner than this will nullify the 
forced interrupt. 

Forced interrupt stops any command at the end of an in- 
ternal micro-instruction and generates INTRQ when the 
specified condition is met. Forced interrupt will wait until 
ALU operations in progress are complete (CRC 
calculations, compares, etc.) 

More than one condition may be set at a time. If for 
example, the READY TO NOT-READY condition (H = 1) 
and the Every Index Pulse ('2 = 1) are both set, the 
resultant command would be HEX "DA." The "OR" func- 
tion is performed so that either a READY TO NOT-READY 
or the next Index Pulse will cause an interrupt condition. 





I B I 


READ ADDRESS 
SEQUENCE 






jT HAVE 6 ^**w * 
<_ INDEX HOLES ^> 
^S. PASSED ^T 

]NO 

NO ,*r "** ^ Ss ^ 
^ ©AM BEEN \ 

x *\. DETECTED >^ 

| YES 






ES f RESET BUSY N 
— M SET MTAO 1 










" | 






SHIFT t BYTE 
NTOOSfl 






i 






TRANSFER 
BYTE TO OR 






I 






SETDRO 




NO 


jS^ HAVE* ^X. 
■^ BYTES BEEN > 
^. READ j*r 

[yes 






TRANSFER TRACK 

NUMBER TO SECTOR 

REGISTOR 






JL 










^r CRC ^"S. YES 


SET CRC 
ERROR BIT 






i^cnnun^> 




I^NO 


| 














SET INTRO 
RESET BUSY 


) 




T 


YPE III COMN 

Read Track/Ad 


IAND 

dress 







STATUS REGISTER 

Upon receipt of any command, except the Force Interrupt 
command, the Busy Status bit is set and the rest of the 
status bits are updated or cleared for the new command. If 
the Force Interrupt Command is received when there is a 
current command under execution, the Busy status bit is 
reset, and the rest of the status bits are unchanged. If the 
Force Interrupt command is received when there is not a 
current command under execution, the Busy Status bit is 
reset and the rest of the status bits are updated or cleared. 
In this case, Status reflects the Type I commands. 

The user has the option of reading the status register 
through program control or using the DRQ line with DMA or 
interrupt methods. When the Data register is read the DRQ 
bit in the status register and the DRQ line are automatically 
reset. A write to the Data register also causes both DRQ's 
to reset. 

The busy bit in the status may be monitored with a user 
program to determine when a command is complete, in lieu 
of using the INTRQ line. When using the INTRQ, a busy 
status check is not recommended because a read of the 
status register to determine the condition of busy will reset 
the INTRQ line. 

The format of the Status Register is shown below. 



(BITS) 


7 


6 


5 


4 


3 


2 


1 





S7 


S6 


S5 


S4 


S3 


S2 


S1 


SO 



Status varies according to the type of command executed 
as shown in Table 4. 

Because of internal sync cycles, certain time delays must 
be observed when operating under programmed I/O. They 
are: (times double when clock = 1 MHz) 



Operation 


Next Operation 


Delay Req'd. 
FM ! MFM 


Write to 
Command Reg. 


Read Busy Bit 
(Status Bit 0) 


12fiS | 6ms 


Write to 
Command Reg. 


Read Status 
Bits 1-7 


28ms J 14/js 


Write Any 
Register 


Read From Diff. 
Register 


j 



IBM 3740 FORMAT — 128 BYTES/SECTOR 

Shown below is the IBM single-density format with 128 
bytes/sector. In order to format a diskette, the user must 
issue the Write Track command, and load the data register 
with the following values. For every byte to be written, there 
is one Data Request. 



NUMBER 


HEX VALUE OF 


OF BYTES 


BYTE WRITTEN 


40 
6 


FF (or 00)3 
00 




1 

1 26 

6 


FC (Index Mark) 

FF(or00) 

00 




1 
1 


FE (ID Address Mark) 
Track Number 




1 
1 
1 
1 
11 
6 


Side Number (00 or 01) 

Sector N umber (1 thru 1A) 

00 (Sector Length) 

F7 (2 CRC's written) 

FF(orOO) 

00 




1 
128 

1 

27 

2472 


FB (Data Address Mark) 
Data (IBM uses E5) 
F7 (2 CRC's written) 
FF(orOO) 
FF(or00) 



issue the Write Track command and load the data register 
with the following values. For every byte to be written, there 
is one data request. 



1. Write bracketed field 26 times 

2. Continue writing until 279X interrupts out. 
Approx. 247 bytes. 

3. A '00' option is allowed on 2795/7 only. 



IBM SYSTEM 34 FORMAT- 
256 BYTES/SECTOR 

Shown below is the IBM dual-density format with 256 
bytes/sector. In order for format a diskette the user must 



NUMBER 


HEX VALUE OF 


OF BYTES 


BYTE WRITTEN 


80 


4E 


12 


00 




3 

1 

* 50 

12 


F6 (Writes C2) 
FC (Index Mark) 
4E 
00 




3 
1 
1 
1 
1 
1 
1 
22 


F5 (Writes A1) 
FE (ID Address Mark) 
Track Number (0 thru 4C) 
Side Number (0 or 1) 
Sector Number (1 thru 1A) 
01 (Sector Length) 
F7 (2 CRCs written) 
4E 




12 


00 




3 

1 

256 


F5 (Writes A1) 

FB (Data Address Mark) 

DATA 




1 

54 

598** 


F7 (2 CRCs written) 

4E 

4E 



o 

to 

CO 

X 

© 



* Write bracketed field 26 times 
" * Continue writing until 279X interrupts out. 
Approx. 598 bytes. 




IBM TRACK FORMAT 



a 

to 

(O 

X 

■ 

o 
ro 



1. NON-IBM FORMATS 

Variations in the IBM formats are possible to a limited ex- 
tent if the following requirements are met: 

1) Sector size must be 128, 256, 51 2 of 1024 bytes. 

2) Gap 2 cannot be varied from the IBM format. 

3) 3 bytes of A1 must be used in MFM. 

In addition, the Index Address Mark is not required for 
operation by the 279X. Gap 1, 3, and 4 lengths can be as 
short as 2 bytes for 279X operation, however PLL lock up 
time, motor speed variation, write splice area, etc. will add 
more bytes to each gap to achieve proper operation. It is 
recommended that the IBM format be used for highest 
system reliability. 





FM 


MFM 


Gap I 


16 bytes FF 


32 bytes 4E 


Gap II 


11 bytes FF 


22 bytes 4E 


* 


6 bytes 00 


12 bytes 00 


* 




3 bytes A1 


Gap III" 


10 bytes FF 


24 bytes 4E 




4 bytes 00 


8 bytes 00 
3 bytes A1 


Gap IV 


16 bytes FF 


16 bytes 4E 



' Byte counts must be exact. 

' Byte counts are minimum, except exactly 3 bytes of A1 
must be written. 



ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings 

Voltage to any input with 
respect to Vss = + 15 to - 0.3V 

C IN & CoUT = 15 pF max with all pins grounded except 

one under test. 

Operating temperature = 0°Cto70°C 

Storage temperature = -55°Cto +125°C 



NOTE: Maximum limits indicate where permanent device 
damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions 
specified in the DC Electrical characteristics. 



OPERATING CHARACTERISTICS (DC) 

Ta = 0°Cto70 o C, Vss = OV.Vcc = +5M ± .25V 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


IlL 


Input Leakage 






10 


ma 


V|N = VCC 


"OL 


Output Leakage 






10 


M A 


VOUT = VCC 


V|H 


Input High Voltage 


2.0 






V 




V|L 


Input Low Voltage 






0.8 


V 




VOH 


Output High Voltage 


2.4 






V 


lO = - 100 M A 


vol 


Output Low Voltage 






0.45 


V 


lO = 1.6 mA 


VOHP 


Output High PUMP 


2.2 






V 


lOP = -1.0 mA 


VOLP 


Output Low PUMP 






0.2 


V 


Iqp = + 1.0 mA 


PD 


Power Dissipation 






.75 


w 


All Outputs Open 


Rpu 


Internal Pull-up* 


100 




1700 


KA 


V|N = 0V 


ice 


Supply Current 




70 


150 


mA 


All Outputs Open 



' Internal Pull-up resistors on PINS 1, 17, 22, 25, 37, and 40. 



TIMING CHARACTERISTICS 

Ta = 0°Cto70°C,Vss = ov.vcc 
READ ENABLE TIMING 



+ 5V ± .25V 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYR 


MAX. 


UNITS 


CONDITIONS 


TSET 


Setup ADDR & CS to RE 


50 






nsec 




Thld 


Hold ADDR&CS from RE 


10 






nsec 




Tre 


RE Pulse Width 


200 






nsec 


C|_ = 50 pf 


Tdrr 


DRQ Reset from RE 




100 


200 


nsec 




T|RR 


INTRQ Reset from RE 




500 


3000 


nsec 


See Note 


tdacc 


DataValidfromRE 




100 


200 


nsec 


Cl = 50 pf 


tdoh 


Data Hold From RE 


20 




150 


nsec 


CL = 50pf 



o 

IO 
■>! 
CO 

X 

o 

IO 



WRITE ENABLE TIMING 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


TSET 


Setup ADDR&CS to WE 


50 






nsec 




Thld 


Hold ADDR&CS from WE 


10 






nsec 




T\A/E 


WE Pulse Width 


200 






nsec 




TDRR 


DRQ Reset from WE 




100 


200 


nsec 




T|RR 


INTRQ Reset from WE 




500 


3000 


nsec 


See Note 


tds 


Data Setup to WE 


150 






nsec 




Tdh 


Data Hold from WE 


50 






nsec 





INTRO £. 




I SERVICE WORST CASEl 
■FM 275 uS 
MFM US.S 

DRQ RISING EDGE: INDICATES THAT THE DATA REGISTER HAS ASSEMBLED 

DATA 

DRQ FALLING EDGE: INDICATES THAT THE DATA REGISTER WAS READ 

INTRQ RISING EDGE: OCCURS AT END OF COMMAND 

INTRO FALLING EDGE: INOICATES THAT THE STATUS REGISTER WAS READ. 



16- OR 32- OS- 



_r 



IRQ ^_ 



I- 



-O 



K 



1 






—| TDM |— 



NOTE 1 CS MAY BE PERMANENTLY TIED LOW IF DESIRED 

2 WHEN WRITING DATA INTO SECTOR TRACK OR DATA 
REGISTER USER CANNOT READ THIS REGISTER UNTIL 
AT LEAST 4 M SEC IN MFM AFTER THE RISING EDGE OF WE 
WHEN WRITING INTO THE COMMAND REGISTER STATUS 

UNTIL SOME 28 fSEC IN FM. 14 ,iSEC IN MFM 



I SERVICE (WORST CASE 

.["., 23 ' " S „ LATER THESE~TIMES ARE DOUBLED WHEN CLK 

MhM "aua -TIME DOUBLES WHEN CLOCK ' 1MH2 



DRQ RISING EDGE: INDICATES THAT THE OATA REGISTER IS EMPTY 
DRQ FALLING EDGE: INDICATES THAT THE DATA REGISTER IS LOADED 
INTRQ RISING EDGE: INDICATE THE END OF A COMMAND 
INTRQ FALLING EDGE: INOICATES THAT THE COMMAND REGISTER 
IS WRITTEN TO 



READ ENABLE TIMING 



WRITE ENABLE TIMING 



INPUT DATA TIMING 



o 

10 

■M 
CO 

X 

© 
10 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


Tr/V 

tbc 


Raw Read Pulse Width 
Raw Read Cycle Time 


100 
1500 


200 
2000 




nsec 
nsec 





WRITE DATA TIN 


ING: (ALL TIMES DOUBLE WHEN CLK 


= 1MHz) 










SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


TwP 


Write Data Pulse Width 


400 


500 


600 


nsec 


FM 






240 




1000 


nsec 


MFM 


TWG 


Write Gate to Write Data 




2 

1 




^sec 
jisec 


FM 
MFM 


T\A/F 


Write Gate off from WD 




2 
1 




jisec 
^sec 


FM 
MFM 



MISCELLANEOUS TIMING: 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


TCDi 


Clock Duty (low) 


230 


250 


20000 


nsec 




TCD2 


Clock Duty (high) 


230 


250 


20000 


nsec 




TSTP 


Step Pulse Output 


2or4 






usee 


See Note 


Tdir 


Dir Setup to Step 




12 




fisec 


± CLK ERROR 


tmr 


Master Reset Pulse Width 


50 






/isec 




tip 


Index Pulse Width 


10 






fisec 


See Note 


RPW 


Read Window Pulse Width 










Input 0-5V 






120 




700 


nsec 


MFM 






240 




1400 


nsec 


FM ± 15% 


WPW 


Write Data Pulse Width 










Input 0-5V 






300 


500 


1000 


nsec 
nsec 


MFM 
FM 




Precomp Adjust. 


100 




250 


nsec 


MFM 


RPW 


Read Window Pulse Width 










Input 0-5V 






120 




700 


nsec 


MFM 






240 




1400 


nsec 


FM ± 15% 


WPW 


Write Data Pulse Width 










Input 0-5V 






300 


500 


1000 


nsec 
nsec 


MFM 
FM 




Precomp Adjust. 


100 




250 


nsec 


MFM 


VCO 


Free Run Voltage Controlled 


6.0 






MHz 


Ext. C = 




Oscillator. Adjustable by ext. 




4.0 




MHz 


Ext. C = 35 pf 




capacitor on Pin 26 














Pump Up + 25% 


5.0 






MHz 


PU = 2.2V Cext 


VCO 


Pump Down - 25% 






3.0 


MHz 


= 35pf 

PD = 0.2V Cext 

= 35pf 


VCO 


5% Change V<x 


3.8 




4.2 


MHz 


Cext = 35 pf 


Ta = 75°C 


3.5 






MHz 


Cext = 35 pf 


Cext 


Necessary external capacitor 


10 


35 


80 


Pf 


VCO = 4.0MHz 
nom 


RCLK 


Derived read clock 
= VCO + 8, 16, 32 




500 




KHz 


VCO = 4.0MHz 


DDEN = 














5/8 = 1 








250 




KHz 


DDEN = 
5/8 = 








250 




KHz 


DDEN = 1 
5/8 = 1 








125 




KHz 


DDEN = 1 
5/8 = 


PU/DON 


PU/PDtimeon 






250 


ns 


MFM 




(pulse width) 






500 


ns 


FM 



APPENDIX G 
FLOPPY DISK ERROR CODES 



Table 4. STATUS REGISTER SUMMARY 





ALL TYPE I 


READ 


READ 


READ 


WRITE 


WRITE 


BIT 


COMMANDS 


ADDRESS 


SECTOR 


TRACK 


SECTOR 


TRACK 


S7 


NOT READY 


NOT READY 


NOT READY 


NOT READY 


NOT READY 


NOT READY 


S6 


WRITE 
PROTECT 











WRITE 
PROTECT 


WRITE 
PROTECT 


S5 


HEAD LOADED 





RECORD TYPE 











S4 


SEEK ERROR 


RNF 


RNF 





RNF 





S3 


CRC ERROR 


CRC ERROR 


CRC ERROR 





CRC ERROR 





S2 


TRACK 


LOST DATA 


LOST DATA 


LOST DATA 


LOST DATA 


LOST DATA 


S1 


INDEX PULSE 


DRQ 


DRQ 


DRQ 


DRQ 


DRQ 


SO 


BUSY 


BUSY 


BUSY 


BUSY 


BUSY 


BUSY 



STATUS FOR TYPE I COMMANDS 



BIT NAME 



MEANING 



S7 NOT READY 
Ml 



This bit when set indicates the drive is not ready. When reset it indicates that the drive is ready. 
This bit is an inverted copy of the Ready input and logically 'ored' with MR. 



S6 PROTECTED ( %Q ) When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT input. 



When set, it indicates the head is loaded and engaged. This bit is a logical "and" of HLD and HLT 
signals. 



S5 HEAD LOADED 
(20) 

S4 SEEK ERROR (10) When set, the desired track was not verified. This bit is reset to when updated 



S3CRCERROR(4) 



CRC encountered in ID field. 



S2 TRACK 00 



(3) 



When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted copy of the 
TROO input. 



xry 



S1 INDEX 



When set, indicates' index mark detected from drive. This bit is an inverted copy of the IP input. 



SO BUSY 



(1) 



When set command is in progress. When reset no command is in progress: 



APPENDIX H 
APPLICATION NOTES 



1. In certain cases the SUPER SIX must be run at 4MHz. This is 
because timing on the S-100 bus is critical when interfacing with 
select other S-100 bus boards. 



For the users of Super Six computer board the following 
changes apply to any Super Six up to Rev. "M" : 

1. Add a 1 K Resistor (pull up) to the 
BRQ output of U21 (D.M.A.). 

2. Change the value of Rll and R16 from 

1. K each to 2 K, for more V.C.O. range. 

3. Connect Phantom to U33 pin 1, for all memory 
to be turned OFF when active. 

And for Super Six users running at 6 MHZ with up to 
Rev. "M" board, using any other non Advanced Digital 
boards that has one or the two next characteristics. 

1. An I/O board latches the incoming data on 
the falling edge of (pWR*) during an I/O 
transfer of data. 

2. A memory transfer where the signal (pSTVAL*) 
is expected to fall inside of (PSYNC) active. 

Modify your Super Six, through all the rework instructions, 
else do only first three steps. 



Rework Instructions: 

1. Locate U15 on the solder side, connect a 1 K 
resistor across from U15 pin 14 to U15 pin 9. 



2. Remove Rll and R16 next to (L. E.D.I) both a 
1 K and replace with a 2 K resistor for Rll 
and R16. 



3. Locate U33 on the solder side cut trace between 
U33 pin 1 and 2 and jumper from U33 pin 1 to U33 
pin 10. 



Locate U71 on the solder side and between pin 1 
and 20 cut trace to the feed through. Now install 
a 14 pin socket at Ul (spare ic) with pin 1 on 1 
jumper pin 7 of the socket to hole number 8, for 
ground into the IC. Jumper U71 pin 8 to Ul pin 
9. Locate U68 on solder side, jumper U68 pin 2 
to Ul pins 12 and 13. Locate U6 and jumper pin 11 
to Ul pin 11. Locate U6A and jumper pin 3 to Ul 
pin 10. Remove I.C. U6A (741S32) and lift pin 1, 
bend it so won't sort out. Jumper pin 1 to pin 4 
on component side over I.C, install back I.C. 
on solder side jumper U6A pin 2 to U25 Pin 4. 



5. Locate U28 component side, lift I.C. and pull out 

pin 9 install back I.C. Locate U4 and U5 solder side. 
Jumper U4 pin 12 to U5 pin 13. Jumper U5 pin 12 to 
Ul pin 2 and 1 . Jumper U4 pin 10 to Ul pin 5 . Jumper 
Ul pin 3 to U2 pin 1. Locate U21 (D.M.A.) jumper U21 
pin 12 to Ul pin 4. 



6. Install a 74S74 in Ul socket. 



APPENDIX I 
WARRANTY LETTER 



<&> ADVANCED 
DIGITAL 

CORPORATION, 



WARRANTY NOTICE 



Advanced Digital Corporation now requires a Return Authorization 
Number for the return of any equipment for repair or credit. This 
number will be issued by the Customer Support Department. Any 
equipment received without the Return Authorization Number clearly 
marked on the outside of the package may be subject to significant 
delays in the repair process. 

Return Authorization Numbers are active for 30 days after they are 
issued. If the equipment specified in the Return Authorization is 
not received by Advanced Digital within this 30 day period signi- 
ficant delays in handling the repair may be incurred. 

If the equipment must be returned a second time, a new Return 
Authorization Number must be issued. Reuse of Return Authorization 
Numbers may result in delays in processing returns. 

Effective November 1, 1981, repair of all kit and nonwarranty 
boards will be $70.00. This fee is subject to change without 
notice . 

Returns for credit will be subject to a 15% restocking charge. If 
material for credit was purchased through a dealer, Advanced Digital 
cannot issue a credit. Adjustment must be handled through the dealer. 
Other credit returns should have reference to the original invoice 
number. 

If you have any questions regarding special handling, packaging of 
the equipment, or procedures for returning equipment, please contact 
the Advanced Digital Corporation. 



The warranty on the super §fx is one year from the date of purchase. 
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Figure 3-1. Parts Layout 



SUPER SIX SINGLE BOARD COMPUTER PARTS LIST 



ITEM 


PART NO. 


LOCATION 


1 


74S 10 • 


U2 


2 


74LS00 


U3, Ull, U44 


3 


74LS132 


U4 


4 


74LS04 


U5, U68 


5 


74S74 


U6, U28 


6 


74LS32 


U6-A, U40 


7 


Z80B PIO 


U7 


8 


CD4098 


U8 


9 


74LS138 


U9, U34 


10 


7438 


U10 


11 


74LS13 


U12, U33 


12 


74LS123 


U13 


13 


74LS14 


U14 


14 


7407 


U15, U22 


15 


16L8 


U16, U36 


16 


74LS174 


U17 


17 


74LS11 


U18 


IS 


74S04 


U19 


19 


Z80B CTC 


U20 


20 


Z80DMA 


U21 


21 


74LS92 


U23 


22 


74LS393 


U24 


23 


8T97 


U25 


24 


7406 


U26 


25 


WD2793 


U27 


26 


2726 EPROM 


U29 


27 


Z80B 


U30 


28 


BR1945 


U31 


29 


74LS109 


U32 


30 


74LS27 


U35 


31 


74S287 


U37 


32 


Z80B DART 


U38 


33 


74LS280 


U39 


35 


8T98 


U43, U66 


36 


TTLDM100 


U41 


37 


74LS02 


U42 


38 


4164-15 


U46-U54 


39 


74LS244 


U65 


40 


74LS374 


U67 


41 


74LS240 


U70, U71, U77 


42 


74LS373 


U73 


43 


74LS245 


U74, U76 


44 


74LS273 


U78 


45 


74S240 


U80, U79 



QTY. 

1 
3 
1 
2 
2 

2 

i 



LIST OF DISCRETE COMPONENTS 



[TEM 


PART NO. 


LOCATION 


46 


40 PIN SOCKET 


U7, U21, U27, U30, U38 


47 


28 PIN SOCKET 


U20 


48 


24 PIN SOCKET 


U29 


49 


20 PIN SOCKET 




50 


18 PIN SOCKET 


U31 


51 


16 PIN SOCKET 




52 


14 PIN SOCKET 




53 


220/330 SIP 


RM2 


54 


10K SIP 


RM1, RM4, RM5, RM3 


55 


4.7K SIP 


RM6, RM7 


56 


33 OHM SIP 
(8 PIN) 


RM8, RM9, RM10 



QTY. 

5 

1 

I 
15 

1 

28 
27 

1 

4 

2 

3 



CAPACITOR LIST FOR SUPER SIX 



[TEM 


PART NO. 


LOCATION 


57 


.1 MF CAP 




58 


10 MR CAP 


C14, C6 


59 


4.7 MF CAP(25V) 


C9, C10 


60 


6.8 MF (10V) 


C7, C8 


61 


33 PF 


C23 


62 


47 PF 


C35, C32, C31, C33 


63 


5-50 PF CAP 


C26 



QTY. 

30 
2 
2 
2 
1 

4 
I 



RESISTOR LIST FOR SUPER SIX (ALL RESISTORS ARE 1/4 WATT) 



[TEM 


PART NO. 


LOCATION 


64 


IK RESISTOR 


R7, 8, 11, 15, 16 


65 


220 OHM 


R12, 18, 22, 23, 24, 
26, 27, 28 


66 


4.7K 


Rl 


67 


10K 


R6, R10 


68 


27K 


R3 


69 


470K 


R2 


70 


5.1 MEGA OHM 


R5 


71 


10 OHM 


R17 


72 


1.5K 


R13 


73 


560 OHM ' 


R14 


74 


33 OHM 


R30, R31 


75 


10K TRIM POT 
(82PR10K) 




76 


50K TRIM POT 
(82PR50K) 





QTY. 



8 
29, 21, 20 8 





ACCESSORIES 


ITEM 


PART NO. 


LOCATION 


77 


220MH CHOCK 


LI, L2 


78 


6104TERMALOY 


VR1 


79 


78H05 




81 


40 PIN CONN 


32 


82 


50 PIN CONN 


33 


83 


34 PIN CONNEC 


31 


84 


14 PIN CONNEC 


34, 35, 36 


85 


16 PIN CONNEC 


RS (8 PIN DOUBLE) 


86 


8 PIN SINGLE 


RS 


87 


3 PIN SINGLE 


E, C, D, R 


88 


2 PIN SINGLE 


B, G 


89 


DIALIGHT 5552222 
LED 




90 


2N3906 TRANS 


Q2 


91 


2N2222 TRANS 


Ql 


92 


24 MHZ XTAL 


Yl 


93 


5.068 MHZ XTA 


Y2 


94 


1N914 DIODE 


CR1, CR@ 



QTY. 

2 

1 
1 
1 
1 
1 
3 
1 
1 
4 
2 

1 

1 
1 
1 
1 
2 



APPENDIX K 
PLL REALIGNMENT 



Following is the procedure lor realigning the PLL on the SUPER SIX single board 
computer. 

1. Turn POWER switch to ON (insure test jumper is removed). 

2. Install Jumper G. 

3. Adjust trimmer Cap for 250KHz on pin 16 of the FDC. 

4. Adjust 50KHz trimmer pot for a positive going pulse of 250ns on pin 
29 of the FDC. 

5. Adjust I OK Hz trimmer pot for a positive going pulse of about 1 25ns 
(1 00ns - 300ns, depending on disk drive manufacturer) on pin 31 of 
the FDC. 

6. Remove jumper G. 
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APPENDIX M 
PSNET/PAR SCHEMATIC 



APPENDIX N 
SUPER SIX SCHEMATICS 



4- 



OPfN FOR NOfiNWIOPC RATION 



+ 5V 



(zu) WW*. 



Cie-T) 



■flC7,2D/,IA4)- 



(lB*.lf6,20)- 



part or 
Jl 



A5lD 

XRDY 
PRDT 



f?A3)- 



PART OF 
Jl 



PIN I 
VIO 

VII 

VI2 
YI3 
V14 
VIS 
Ylf. 
VU 



7A06 >" 



UI3 
L5I23 



V+5V 




IT 1 

20 
4i 
44. 
46 



READY ■* 
INDEX * 
T*ACK( « 
WRITE P^T* 
READ pAT*" 1 " 



5TEP* 

HEAD 10*0 

5IDE2*- 

ABOVETff^KVl** 

DIRECTION* 

WRITE DATA* 



option/ on) 



white Givre* 
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DRIVE SE LI 

DRIVE SELi 

DRIVE 5EU 



MOTOR OA/ < 



Tenos" 



X 



} 



OX BOARD 7/0 






flDv/vjCi : D "2> ^,r/fi .3^ 



Sops 



Sly. 



4SflF- 



